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SUBSTRATE BONDING APPARATUS,
SUBSTRATE HOLDING APPARATUS,
SUBSTRATE BONDING METHOD,
SUBSTRATE HOLDING METHOD,
MULTILAYERED SEMICONDUCTOR

DEVICE, AND MULTILAYERED SUBSTRATE
BACKGROUND

1. Technical Field

The present invention relates to a substrate bonding
apparatus, a substrate holding apparatus, a substrate bonding
method, a substrate holding method, a multilayered semi-
conductor device and a multilayered substrate.

2. Related Art

A known multilayered semiconductor device 1s provided
by stacking and bonding a plurality of substrates onto each
other (see Japanese Patent Application Publication No.
20035-251972). To bond a plurality of substrates together, the
substrates are aligned to each other with high accuracy on
the order of the line width of semiconductor devices.

Referring to semiconductor device manufacturing pro-
cess, parameters such as the magnification ratios of patterns
transferred from masks and substrate flatness may be dii-
terent globally or locally on substrates. Therefore, substrates
to be bonded together cannot be aligned to each other simply
by moving them relative to each other.

SUMMARY

Therefore, 1t 1s an object of an aspect of the mnovations
herein to provide a substrate bonding apparatus, a substrate
holding apparatus, a substrate bonding method, a substrate
holding method, a multilayered semiconductor device and a
multilayered substrate, which are capable of overcoming the
above drawbacks accompanying the related art. The above
and other objects can be achieved by combinations
described 1n the claims. A first aspect of the innovations may
include a substrate holding apparatus including a holder that
holds a substrate to be bonded to another substrate, and a
deformer that deforms the substrate held by the holder 1n a
direction intersecting the surface of the held substrate in
order to correct misalignment between the held substrate and
the other substrate.

A second aspect of the innovations disclosed herein may
include a substrate bonding apparatus for bonding a sub-
strate to another substrate. The substrate bonding apparatus
includes the above-described substrate holding apparatus.

A third aspect of the innovations disclosed herein may
include a substrate holding method comprising deforming a
substrate held by a holder 1n a direction intersecting the
surface of the held surface 1n order to correct misalignment
between the held substrate and another substrate to be
bonded to the held substrate.

A Tourth aspect of the innovations disclosed herein may
include a substrate bonding method using the above-de-
scribed substrate holding method to bond the held substrate
to the other substrate.

A fifth aspect of the innovations disclosed herein may
include a multilayered semiconductor device manufactured
using the above-described substrate bonding method.

The summary clause does not necessarily describe all
necessary features of the embodiments of the present inven-
tion. The present invention may also be a sub-combination
of the features described above. The above and other fea-
tures and advantages of the present invention will become
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2

more apparent from the following description of the embodi-
ments taken in conjunction with the accompanying draw-
ngs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic plan view of a multilayered sub-
strate manufacturing apparatus 100.

FIG. 2 1s a perspective view of a substrate holder 150.

FIG. 3 15 a perspective view of the substrate holder 150.

FIG. 4 1s a schematic cross-sectional view of an aligner
170.

FIG. 5 1s a schematic cross-sectional view of the aligner
170.

FIG. 6 1s a schematic perspective view of substrates 121.

FIG. 7 1s a schematic cross-sectional view of a pressing
apparatus.

FIG. 8 15 a cross-sectional view showing the transition of
the states of the substrates 121.

FIG. 9 1s a cross-sectional view showing the transition of
the states of the substrates 121.

FIG. 10 1s a cross-sectional view showing the transition of
the states of the substrates 121.

FIG. 11 1s a cross-sectional view showing the transition of
the states of the substrates 121.

FIG. 12 1s a schematic cross-sectional view of a bender
180.

FIG. 13 15 a flow diagram showing how the bender 180
holds the substrates 121.

FIG. 14 1s a cross-sectional view illustrating the transition
of the states of the substrate 121 and the substrate holder

150.
FIG. 15 15 a cross-sectional view illustrating the transition

of the states of the substrate 121 and the substrate holder

150.
FIG. 16 1s a cross-sectional view illustrating the transition

of the states of substrate 121 and the substrate holder 150.

FIG. 17 1s a cross-sectional view illustrating the transition
of the states of the substrate 121 and the substrate holder
150,

FIG. 18 1s a graph illustrating the relation between an
applied voltage and a holding force.
FIG. 19 15 a cross-sectional view illustrating the transition

ol the states of the substrate 121 and the substrate holder
150.

FIG. 20 1s a cross-sectional view illustrating the transition
of the states of the substrate 121 and the substrate holder
150.

FIG. 21 1s a cross-sectional view 1illustrating the transition
of the states of the substrate 121 and the substrate holder
150.

FIG. 22 1s a schematic cross-sectional view illustrating a
holder 220.

FIG. 23 1s a plan view of a fine-motion stage 230.

FIG. 24 1s a flow diagram 1llustrating how the holder 220
holds the substrate 121.

FIG. 25 15 a cross-sectional view 1llustrating the transition
ol the states of the substrate 121 and the substrate holder
150.

FIG. 26 15 a cross-sectional view illustrating the transition
of the states of the substrate 121 and the substrate holder
150.

FIG. 27 1s a cross-sectional view illustrating the transition
of the states of the substrate 121 and the substrate holder
150.
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FIG. 28 1s a cross-sectional view 1llustrating the transition
ol the states of the substrate 121 and the substrate holder
150.

FIG. 29 1s a schematic cross-sectional view of a bender
280.

FIG. 30 1s a schematic cross-sectional view of the bender
280.

FIG. 31 1s a schematic cross-sectional view of the bender
280.

FIG. 32 1s a cross-sectional view of another bender 282.

FIG. 33 1s an upper view of the bender 282.

FIG. 34 1s an enlarged view of a movable coupler 271 of
the bender 282.

FIG. 35 1s an enlarged view of a stationary coupler 284 of
the bender 282.

FIG. 36 1s an enlarged view of another movable coupler
290.

FI1G. 37 1s an enlarged view of another stationary coupler
285.

FIG. 38 1s an enlarged view of yet another stationary
coupler 286.

FIG. 39 1s a plan view of a support plate 261.

FIG. 40 1s a plan view of a support plate 263.

FIG. 41 1s a plan view of a support plate 265.

FI1G. 42 1s a plan view of a support plate 267.

FIG. 43 shows the overall structure of a substrate bonding,
apparatus 410.

FIG. 44 1s a front view illustrating the overall structure of
a heating and pressing apparatus 456.

FI1G. 45 1llustrates misalignment between electrode pads
496a and 4965 of substrates 490a and 4900b.

FIG. 46 illustrates how to correct the misalignment
between the electrode pads 496a and 4965 of the substrates
490a and 4905.

FIG. 47 illustrates how to bond together the position-
corrected electrode pads 496a and 4965 of the substrates
490a and 4905.

FIG. 48 1s a vertical cross-sectional view of a lower
substrate holder 502.

FIG. 49 1s a vertical cross-sectional view of an upper
substrate holder 504.

FIG. 50 1llustrates the manufacturing process of a multi-
layered substrate 492 performed by the substrate bonding
apparatus 410.

FIG. 351 illustrates the manufacturing process of the
multilayered substrate 492 performed by the substrate bond-
ing apparatus 410.

FIG. 352 illustrates the manufacturing process of the
multilayered substrate 492 performed by the substrate bond-
ing apparatus 410.

FIG. 33 illustrates the manufacturing process of the
multilayered substrate 492 performed by the substrate bond-
ing apparatus 410.

FIG. 54 illustrates the manufacturing process of the
multilayered substrate 492 performed by the substrate bond-
ing apparatus 410.

FIG. 55 illustrates the manufacturing process of the
multilayered substrate 492 performed by the substrate bond-
ing apparatus 410.

FIG. 56 shows the pre-deformed states of substrates 490.

FI1G. 57 1llustrates the substrates 490 that have been bent
by a lower pressure control module 468.

FIG. 38 shows a lower substrate holder 702 and an upper
substrate holder 704 respectively holding the substrates 490.

FI1G. 59 1llustrates the substrates 490 that have been bent
by the lower substrate holder 702 and the upper substrate

holder 704.
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DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinatter, some embodiments of the present invention
will be described. The embodiments do not limit the inven-
tion according to the claims, and all the combinations of the
features described 1n the embodiments are not necessarily
essential to means provided by aspects of the invention.

FIG. 1 1s a schematic plan view of a multilayered sub-
strate manufacturing apparatus 100. The multilayered sub-
strate manufacturing apparatus 100 manufactures a multi-
layered substrate 123 by stacking a pair of substrates 121
onto each other.

The multilayered substrate manufacturing apparatus 100
includes a housing 110, a loader 130 housed within the
housing 110, a holder stocker 140, a pre-aligner 160, an
aligner 170, a bender 180 and a pressing apparatus 190. On
the external surface of the housing 110, a controller 112 and
a plurality of front opening unified pods (FOUPs) 120 are
arranged.

The multilayered substrate manufacturing apparatus 100
turther 1includes the controller 112. The controller 112 con-
trols the operations of the entire multilayered substrate
manufacturing apparatus 100 according to the procedures
that have been implemented 1n advance or are read from an
external source. The FOUPs 120 each house a plurality of
substrates 121 therein and can be attached onto or detached
from the housing 110 independently.

Using the FOUPs 120, a plurality of substrates 121 can be
collectively loaded onto the multilayered substrate manu-
facturing apparatus 100. In addition, the FOUPs 120 can be
used so that a plurality of multilayered substrates 123, each
of which 1s fabricated by stacking the substrates 121, can be
collected and collectively transported out.

Here, the substrates 121 each can be a semiconductor
substrate such as a silicon single-crystal substrate and a
compound semiconductor substrate, a glass substrate or the
like. Furthermore, at least one of the substrates 121 that are
to be stacked onto each other may contain a plurality of
elements. In addition, either or both of the substrates 121
that are to be stacked onto each other may itself be a
multilayered substrate 123 that has been manufactured by
stacking the substrates 121.

The housing 110 airtightly encloses therein the loader
130, the holder stocker 140, the pre-aligner 160, the aligner
170, the bender 180 and the pressing apparatus 190. Thus,
the transport path of the substrates 121 1n the multilayered
substrate manufacturing apparatus 100 can be kept clean.
Here, the internal atmosphere within the housing 110 may be
replaced with a purging gas such as nitrogen. Furthermore,
the 1internal space within the housing 110 may be entirely or
partially evacuated so that some of the loader 130, the holder
stocker 140, the pre-aligner 160, the aligner 170, the bender

180 and the pressing apparatus 190 may operate within a
vacuum environment.

The loader 130 includes a fork 132, an anti-drop stopper
134, and a folding arm 136. One end of the folding arm 136
1s rotatably supported on the housing 110. The other end of
the folding arm 136 supports the fork 132 and the anti-drop
stopper 134 1n such a manner that the fork 132 and the

anti-drop stopper 134 can rotate on the vertical and hori-
zontal axes.

A substrate 121 1s loaded on the fork 132. The loader 130
can transport the substrate 121 held on the fork 132 to a
given position through a combination of bending of the
folding arm 136 and rotation of the fork 132.
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The anti-drop stopper 134 1s held out below the fork 132
when the fork 132 is turned over around the horizontal axis
to hold the substrate 121 facing down. In this manner, the
substrate 121 1s prevented from dropping. When the fork
132 1s not turned over, the anti-drop stopper 134 remains
retreated at a position where the anti-drop stopper 134 does
not interfere with the substrate 121 on the fork 132.

The loader 130 transports the substrates 121 from the
FOUPs 120 to the pre-aligner 160. The loader 130 also

transports the multilayered substrate 123 that has been taken
out of the pressing apparatus 190 to the FOUPs 120. The
loader 130 1s an example of a transporter.

The loader 130 also transports substrate holders 150 from
the holder stocker 140 to the pre-aligner 160, from the
pre-aligner 160 to the aligner 170, and from the aligner 170
to the pressing apparatus 190. The substrate holder stocker
140 houses therein a plurality of substrate holders 150. After

used, the substrate holders 150 are returned to the substrate

holder stocker 140.

The pre-aligner 160 allows the substrate holder 150 to
hold the substrate 121 so that the substrate 121 can move
together with the substrate holder 150. In other words, the
thin and fragile substrate 121 1s held in the highly rigid and
strong substrate holder 150 and treated integrally, so that the
substrate 121 can be easily treated within the multilayered
substrate manufacturing apparatus 100.

The pre-aligner 160 has an alignment mechanism that
attaches more weight to the speed than to the accuracy, and
allows the substrates 121 to be loaded onto varying positions
on the substrate holders 150 within a predetermined range.
This can shorten the time required to complete the alignment
at the aligner 170 described later.

The aligner 170 aligns a pair of substrates 121 to each
other and then stacks the substrates 121 on one another. The
aligner 170 1s required to achueve high alignment accuracy.
For example, when stacking semiconductor substrates each
of which have elements formed thereon, the aligner 170 1s
required to achieve accuracy on the order of submicrons,
which 1s almost as small as the gap between the intercon-
nections of the elements. The aligner 170 will be described
later with reference to other drawings. After aligning a pair
of substrates 121, the aligner 170 may bring the substrates
into contact and stack the substrates onto each other, but
alternatively may allow the substrates 121 to be held with a
space therebetween by coupling a pair of substrate holders
150.

The pressing apparatus 190 strongly presses a pair of
substrates 121 that have been aligned and stacked on each
other by the aligner 170 so that the substrates 121 are
permanently jointed. The stacked substrates 121 provide a
single multilayered substrate 123. When pressing the sub-
strates 121, the pressing apparatus 190 may also heat the
substrates 121.

FIG. 2 1s a perspective view illustrating, from below, the
substrate holder 150 facing down. The substrate holder 150
1s a disk-like member having a circular placement surface
156, which 1s configured to come 1n contact with and hold
the substrate 121, and made of a hard material such as
alumina ceramics. The substrate holder 150 includes an
clectrostatic chuck 158 that 1s configured to electrostatically
attract the substrate 121 to the placement surface 156 when
an embedded electrode 1s applied with a voltage.

The substrate holder 150 further has a plurality of per-
manent magnets 152 arranged along 1ts periphery. The
permanent magnets 152 are secured onto the edge of the
substrate holder 150 outside the placement surface 156.
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FIG. 3 1s a perspective view 1illustrating, from above,
another substrate holder 150 facing up. This substrate holder
150 has the same shape and structure as the substrate holder
150 shown 1n FIG. 2 1n that the placement surface 156 and
the electrostatic chuck 158 are provided.

The substrate holder 150 shown 1n FIG. 3 has magnetic
plates 154 1 place of the permanent magnets 152. The
magnetic plates 154 are arranged so as to correspond to the
permanent magnets 152. Each magnetic plate 154 1s elasti-
cally attached onto the substrate holder 150 so as to be
capable of moving in the normal direction of the placement
surface 156. Thus, when the substrate holder 150 shown 1n
FIG. 2 1s stacked onto the substrate holder 150 shown 1n
FIG. 3 1n a manner to face each other, the permanent
magnets 152 attract the magnetic plates 154 and the sub-
strate holders 150 remain stacked on each other 1n a seli-
sustaining manner.

FIG. 4 1s a schematic vertical cross-sectional view of the
aligner 170. The aligner 170 includes a frame member 210
and a movable stage 240 and a fixed stage 250 arranged
within the frame member 210.

The fixed stage 250 1s suspended from the ceiling surface
of the frame member 210 via a plurality of load cells 254 and
faces downward. The fixed stage 250 includes an electro-
static chuck 252. Thus, the fixed stage 250 attracts and holds,
on 1ts lower surface, the substrate holder 150 that 1s holding
one of the substrates 121 to be bonded to each other.

In the shown example, the fixed stage 250 holds the
substrate holder 150 shown in FIG. 2 having the permanent
magnets 152. The load cells 254 detect the load applied to
the fixed stage 250 upwards from below.

On the ceiling surface of the frame member 210, a
microscope 251 1s arranged so as to face down and be lateral
to the fixed stage 250. The microscope 251 1s used to
observe the surface of the substrate 121 held by a fine-
motion stage 230, which 1s described later. Since the micro-
scope 251 1s secured onto the frame member 210, the
relative positions of the microscope 251 and the fixed stage
250 stay the same.

The movable stage 240 includes a movable surface plate
242, a coarse-motion stage 244, a gravity cancelling section
246, a spherical seat 248 and the fine-motion stage 230. The
movable surface plate 242 has the coarse-motion stage 244,
the gravity cancelling section 246 and the fine-motion stage
230 mounted thereon, and moves along the guide rail 241
secured onto the mner bottom surface of the frame member
210. The movement of the movable surface plate 242 allows
the movable stage 240 to be moved between the position
immediately below the fixed stage 250 and the position off
the fixed stage 250.

The coarse-motion stage 244 moves relative to the mov-
able surface plate 242 1n the horizontal direction containing
an X-direction component and a Y-direction component
indicated by the arrows m FIG. 4. When the coarse-motion
stage 244 moves relative to the movable surface plate 242,
the fine-motion stage 230 also moves 1n accordance with the
movement of the coarse-motion stage 244.

The gravity cancelling section 246 detects fine movement
of the fine-motion stage 230 and expands and shrinks. Thus,
the gravity cancelling section 246 reduces the apparent
weight of the fine-motion stage 230. This mitigates the load
on the actuator designed to move the fine-motion stage 230,
thereby improving the position control accuracy.

The fine-motion stage 230 includes a holder 220 and
holds the substrate holder 150 that 1s holding the substrate
121 to be bonded to another substrate 121. For alignment of
the substrates 121, the fine-motion stage 230 first moves in
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accordance with the movement of the coarse-motion stage
244. Subsequently, the fine-motion stage 230 moves relative
to the coarse-motion stage 244. The movement of the
fine-motion stage 230 relative to the coarse-motion stage
244 includes translation and rotation 1n all of the X, Y and
/. axes.

The fine-motion stage 230 has a microscope 231 that 1s
secured lateral to the fine-motion stage 230. Since the
microscope 231 1s secured onto the fine-motion stage 230,
the relative positions of the fine-motion stage 230 and the
microscope 231 remain the same. The microscope 231 1s
used to observe the surface of the substrate 121 held by the
fixed stage 250.

The holder 220 of the fine-motion stage 230 also serves as
a deformer for the substrate 121, which independently
corrects, 1n each partial region, the magnification ratio for
forming the device regions on the substrate 121. The struc-
ture and function of the holder 220 will be described later.

FIG. § 1s a schematic cross-sectional view of the aligner
170. The common constituents 1n FIGS. 4 and 5 are assigned
the common reference numerals and not explained here.

Referring to the aligner 170 shown in FIG. 5, the movable
stage 240 has moved along the guide rail 241, so that the
fine-motion stage 230 and the fixed stage 250 face each other
while either of them 1s holding the substrate holder 150 and
the substrate 121. After the held substrates are aligned with
respect to each other, the fine-motion stage 230 1s lifted.
Thus, the pair of substrates 121 are stacked and attached
onto each other. Belore attaching the substrates 121 to each
other, the aligner 170 aligns the substrates 121 to each other
so that the pads, bumps and the like match 1n position.

FIG. 6 1s a conceptual perspective view 1llustrating the
pair of substrates 121 that face each other and are to be
bonded to each other. The substrates 121 each has a disk-like
shape partially missing, in other words, having a notch 124.
On the surface of each substrate 121, a plurality of device
regions 126 and a plurality of alignment marks 128 are
provided.

The notches 124 are formed according to the crystallo-
graphic orientations of the substrates 121. Therefore, when
the substrates 121 are handled, the notches 124 are consulted
to know the orientations of the substrates 121.

On the surface of each substrate 121, the device regions

126 are regularly arranged. Fach device region 126 has a
semiconductor device mounted therein that has been formed
by processing the substrate 121 using photolithography and
other techmques. Each device region 126 also includes pads
and the like that axe configured to serve as connector
terminals when the substrate 121 i1s bonded to the other
substrate 121.

There are blank regions between the device regions 126 in
which functional elements such as devices, circuits and the
like are not provided. In the blank regions, scribe lines 122
are arranged along which the substrate 121 1s cut mto the
separate device regions 126.

On the scribe lines 122, the alignment marks 128 are
arranged and used to align the substrate 121 to the other
substrate 121. The scribe lines 122 disappear during the step
of cutting the substrate 121 into dies due to the width of the
blades. Thus, the presence of the alignment marks 128 does
not reduce the effective area of the substrate 121.

Although FIG. 6 show large device regions 126 and
alignment marks 128, the number of the device regions 126
may actually reach, for example, as large as several hundred
or more 1n the case of the substrate 121 having a diameter
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of 300 mm. The interconnection patterns and the like formed
in the device regions 126 may be used as the alignment
marks 128.

FIG. 7 1s a schematic cross-sectional view of the pressing,
apparatus 190. The pressing apparatus 190 includes a sur-
face plate 198 and a heat plate 196 that are sequentially
stacked on the bottom of a housing 192, and a press-down
section 194 and a heat plate 196 that hang from the ceiling
surface of the housing 192. Each heat plate 196 has a heater
therein. Furthermore, a loading entrance 191 1s provided on
one of the lateral surfaces of the housing 192.

The pair of substrates 121 that have been aligned to each
other and stacked onto each other and the pair of substrate
holders 150 that sandwich the pair of substrates 121 ther-
cbetween are loaded 1nto the pressing apparatus 190. After
loaded 1nto the pressing apparatus 190, the substrate holders
150 and the substrates 121 are placed on the upper surface
of the heat plate 196 on the surface plate 198.

The pressing apparatus 190 first raises the temperature of
the heat plates 196 and then allows the press-down section
194 to go down to press down the upper heat plate 196.
Thus, the substrate holders 150 and the substrates 121
sandwiched between the heat plates 196 are heated and
pressed to be bonded to each other, so that the pair of
substrates 121 are formed into a multilayered substrate 123.
In the multilayered substrate 123, the pads on the substrates
121 are electrically interconnected to each other through the
solder bumps and the like formed on at least one of the
substrates 121. In the above-described manner, the multi-
layered substrate 123 can be formed 1n which the devices on
the respective substrates 121 are interconnected. The result-
ing multilayered substrate 123 1s stored by the loader 130
into the FOUPs 120.

Considering the above-mentioned step, the substrate hold-
ers 150 are required to have suflicient strength and heat
resistance to prevent the substrate holders 150 from being
degraded by repetitive heating and pressing steps by the
pressing apparatus 190. When the heat plates 196 provide
high-temperature heating, the surfaces of the substrates 121
may chemically react with the surrounding atmosphere.
Thus, when the substrates 121 are heated and pressed, the
housing 192 1s preferably evacuated to have a vacuum
environment therein. Accordingly, an openable and closable
door may be provided to airtightly close the loading entrance
191.

The pressing apparatus 190 may further include a cooler
to allow the multilayered substrate 123 that has been formed
through the heating and pressing steps to cool down. In this
way, the multilayered substrate 123 can be taken out and
returned to the FOUPs 120 quickly after cooled down to
some extent, if not down to room temperature.

FIGS. 8, 9, 10 and 11 show the transition of the states of
the substrates 121 1n the multilayered substrate manufactur-
ing apparatus 100. The following describes how the multi-
layered substrate manufacturing apparatus 100 1s operated
with reference to FIGS. 8, 9, 10 and 11.

The substrates 121 to be subjected to the bonding process
are loaded into the multilayered substrate manufacturing
apparatus 100 while being housed within the FOUPs 120. In
the multilayered substrate manufacturing apparatus 100, the
loader 130 first takes out the substrate holder 150 from the
holder stocker 140 and then places the substrate holder 150
on the pre-aligner 160.

Here, the position of the substrate holder 150 on the
pre-aligner 160 1s adjusted. Accordingly, the substrate holder
150 1s aligned and positioned on the pre-aligner 160 with
accuracy ol a predetermined level or higher.
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Following this, the loader 130 takes out the substrates 121
one by one from the FOUPs 120 and transports each
substrate 121 to the pre-aligner 160. In the pre-aligner 160,
the substrate 121 1s loaded onto the substrate holder 150 with
accuracy ol a predetermined level or higher with respect to

the substrate holder 150.

Thus, the substrate holder 150 holds the substrate 121 as
shown i1n FIG. 8. The substrate holder 150 having the
substrate 121 loaded thereon 1s sequentially transported by
the loader 130 to the aligner 170. In this manner, after
transported, the first pair of the substrate 121 and the
substrate holder 150 1s turned over by the loader 130 and
held by the fixed stage 250, for example.

The subsequent pair of the substrate 121 and the substrate
holder 150 1s held by the fine-motion stage 230 without
being turned over, after transported. Thus, the substrates 121
are held within the aligner 170 while facing each other as

shown 1n FIG. 9.

After this, the aligner 170 aligns the substrates 121 to each
other and brings the substrates 121 into close contact with
cach other. At this stage, the substrates 121 are not yet
permanently bonded to each other. However, since the
permanent magnets 152 provided on one of the substrate
holders 150 attract the magnetic plates 154 of the other
substrate holder 150, the state 1n which the substrate holders
150 sandwich the substrates 121 1n close contact with each
other therebetween 1s maintained 1n a seli-sustaining manner
as shown 1n FIG. 10. Therelore, the loader 130 can integrally
transport the substrate holders 150 sandwiching the sub-
strates 121 therebetween.

Subsequently, the loader 130 loads the substrate holders
150 sandwiching the substrates 121 therebetween into the
pressing apparatus 190. After heated and pressed in the
pressing apparatus 190, the substrates 121 are permanently
bonded to each other and formed into the multilayered
substrate 123 as shown 1n FI1G. 11. Following this, the loader
130 separates the multilayered substrate 123 from the sub-
strate holders 150, and transports the substrate holders 150
to the holder stocker 140 and transports the multilayered
substrate 123 to the FOUPs 120. In this way, a series of steps
to manufacture the multilayered substrate 123 1s completed.
After this, the multilayered substrate 123 1s divided into
separate multilayered semiconductor devices.

When the substrates 121 are aligned to each other by the
aligner 170 during the above-described series of steps, the
aligner 170 shown in FIGS. 4 and 5 uses the microscopes
231 and 251 to observe the alignment marks 128 on the
substrates 121 facing each other and to measure the posi-
tions of the substrates 121 relative to each other. Further-
more, the aligner 170 moves the fine-motion stage 230 in a
manner to remove the difference between the relatively
measured positions. In this way, the substrates 121 can be
aligned to each other.

Here, even when manufactured by the same apparatus
using the same mask, the substrates 121 may have different
magnification ratios for the device regions 126 formed on
the substrates 121 due to, for example, differences 1n envi-
ronmental conditions such as the temperature during the
photolithography step. When having different magnification
ratios for the device regions 126, the substrates 121 cannot
be aligned to each other simply by changing their relative
positions. To solve this problem, the multilayered substrate
manufacturing apparatus 100 relating to the present embodi-

ment corrects the magnification ratios for the device regions
126 by bending the substrates 121 with the use of the bender
180.
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FIG. 12 1s a schematic cross-sectional view of the bender
180. The bender 180 i1s used to correct the magnification
ratios for the device regions 126 across the substrates 121.

The bender 180 includes a support 182 and a gripper 186.
The support 182 1s shaped like a cylinder having an open
upper end. The edge of the upper end surface of the support
182 comes into contact with the lower surface of the
substrate holder 150 to support the substrate holder 150.
Furthermore, a power supply terminal 187 1s provided on the
upper end surface of the support 182. A voltage 1s applied to
drive the electrostatic chuck 158 of the substrate holder 150
through the power supply terminal 187.

Since the upper end surface of the support 182 has an
annular shape, the upper end surface i1s not 1n contact with
the lower surface of the placement surface 156 of the
substrate holder 150. Thus, when the substrate holder 150 1s
placed on the support 182, an air chamber 188 1s formed

within the support 182 and defined by the mner surface of

the support 182 and the lower surface of the substrate holder
150.

The air chamber 188 1s connected to a pressure source
through a valve 181. The valve 181 allows the air chamber
188 to be 1 communication with a positive or negative
pressure source under the control of the controller 112. The
air chamber 188, the valve 181 and the pressure source form
an actuator.

A plurality of positioning pins 184 are arranged on the
upper surface of the support 182. The positioning pins 184
are provided at at least two locations on the annular upper
end surface of the support 182. In this manner, when placed
on the upper surface of the support 182, the substrate holder
150 can be positioned so as to be coaxial with the support
182 by allowing the substrate holder 150 to abut the posi-
tioning pins 184 laterally.

The gripper 186 presses down the edge of the substrate
holder 150 placed on the support 182 from above. In this
manner, the substrate holder 150 1s gripped between the
support 182 and the gripper 186.

FIG. 13 15 a flow diagram 1illustrating how the bender 180
operates. FIGS. 14 to 21 schematically illustrate the transi-
tion of the states of the substrate holder 150 and the substrate
121 caused by the operation of the bender 180 and are
referred to as approprnate in the following description.

To use the bender 180, first of all, the loader 130 loads the
substrate holders 150 respectively holding the substrates 121
into the aligner 170, and the aligner 170 aligns the substrates
121 to each other, as shown 1n FIG. 13 (step S101). If the
substrates 121 can be aligned by the aligner 170 with
accuracy within a permissible range, the substrates 121 and
the substrate holders 150 are transported to the pressing
apparatus 190. Therefore, the controller 112 terminates the
controls relating to the bender 180 (step S102:YES).

On the contrary, 1f the substrates 121 cannot be aligned
with accuracy within a permissible range even by moving
the fine-motion stage 230 (step S102:NO), the controller 112
calculates whether changing the magnification ratios for the
device regions 126 on one of the substrates 121 can improve
the alignment accuracy up to the predetermined permissible
range (step S103).

If the result of the calculation indicates that there i1s a
solution that can achieve the desirable alignment accuracy
by changing the magnification ratios for the device regions
126 on one of the substrates 121 (step S103:YES), the
controller 112 performs a magnification ratio changing
operation on the substrate 121. Specifically speaking, the
controller 112 control the loader 130 to transport the sub-
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strate 121 and the substrate holder 150 that are held by the
fine-motion stage 230 to the bender 180 (step S104).

Specifically speaking, the controller 112 controls the
loader 130 to transport the substrate 121 and the substrate
holder 150 to the bender 180, to position the substrate 121
and the substrate holder 150 using the positioning pins 184
and to place the substrate 121 and the substrate holder 150
on the support 182. Subsequently, the controller 112 allows
the gripper 186 to move down so that the substrate holder
150 1s fixed onto the bender 180 (step S1035). Furthermore,
the controller 112 deactivates the electrostatic chuck 158 of
the substrate holder 150 (step S106) so that the substrate 121
1s placed on the substrate holder 150 but not attracted by the
substrate holder 150.

As shown in FIG. 14, the substrate holder 150 1s fixed
flatly by the support 182. Here, the substrate 121 1s merely
placed on the upper surface of the substrate holder 150
without being attracted. Subsequently, the controller 112
controls the valve 181 to allow the air chamber 188 within
the support 182 to be 1n communication with a negative
pressure source (step S107).

In this manner, as shown 1n FIG. 15, the lower surface of
the substrate holder 150 1s suctioned by the negative pres-
sure, so that the central portion of the substrate holder 150
moves down 1n the direction orthogonal to the placement
surface 156. Accordingly, the entire substrate holder 150 1s
deformed. Here, the attraction of the substrate 121 by the
substrate holder 150 1s deactivated (step S106). Theretore,
the substrate 121 1s placed on the substrate holder 150
without being deformed. This means that the central portion
of the substrate 121 1s spaced away from and hot supported
by the substrate holder 150.

Following this, the controller 112 applies a voltage to the
electrostatic chuck 158 of the substrate holder 150, so that
the substrate holder 150 attracts the substrate 121 (step
S108). Accordingly, the substrate 121 i1s deformed i a
similar manner to the substrate holder 150 as shown 1n FIG.
16, so that the lower surface of the substrate 121 comes 1nto
close contact with the placement surface 156 of the substrate
holder 150.

After this, the controller 112 controls the valve 181 to
allow the air chamber 188 to be in communication with the
atmospheric pressure. This deactivates the suction of the
substrate holder 150 by the negative pressure, allows the
substrate holder 150 to gain a restoring force due to 1ts own
clasticity and “inversely deforms”™ the substrate holder 150
in a given direction to return to its flat state as shown 1n FIG.
17 (step S109).

Here, the substrate holder 150, which 1s significantly
thicker than the substrate 121, has higher bending rigidity
than the substrate 121. Furthermore, the entire lower surface
of the substrate 121 1s in contact with the placement surface
156 of the substrate holder 150. The deformation of the
substrate holder 150 that 1s caused by the restoring force
bends the substrate 121. Therefore, as shown 1n FIG. 17 by
the arrow T, stress to horizontally expand the substrate 121
in the plane direction of the substrate 121 acts on the
substrate 121. This increases the magnification ratios for the
device regions 126.

Note that the substrate holder 150 1s inversely deformed
together with the substrate 121 while maintaining the attrac-
tion of the substrate 121 by causing the electrostatic chuck
158 to continue to attract the substrate 121. Therefore, the
restoring force caused by the inversely deforming substrate
holder 150 1s aflected by the sum of the bending rigidity of
the substrate holder 150 and the bending rigidity of the
substrate 121.
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Accordingly, the flatness of the substrate 121 observed
alfter the deformation of the substrate holder 150 by the
support 182 1s deactivated is different from the flatness of the
substrate holder 150 observed atiter only the substrate holder
150 1s deformed and then mnversely deformed. Theretfore, the
amount of the deformation of the substrate holder 150 1s
preferably determined such that a target magnification ratio
for the device regions 126 1s achieved considering the
bending rigidity of the substrate 121.

After the state shown in FIG. 17, the controller 112
controls the loader 130 to load the substrate 121 and the
substrate holder 150 again into the aligner 170 while main-
taining the attraction of the substrate 121 by the electrostatic
chuck 158 (step S110). Since the diflerence, between the
magnification ratios for the device regions 126 has been
corrected 1n the above-described manner, the aligner 170 can
align the substrates 121 with higher accuracy than before
one of the substrates 121 1s deformed by the bender 180.

Here, the substrate wider 150 applies tension to the entire
lower surtface of the substrate 121. Therefore, no stress
concentration occurs in the substrate 121. Accordingly, the
entire substrate 121 1s expanded to increase the magnifica-
tion ratios for the device regions 126.

When the substrate 121 1s attracted again 1n the step S108,
there 1s a large gap between the substrate holder 150 and the
substrate 121 to be attracted if the substrate holder 150 1s
significantly deformed. If the substrate holder 150 1s sig-
nificantly deformed, the deactivation of the deformation of
the substrate 1n the step S109 causes higher stress to act on
the substrate 121. Therelore, as the amount of the deforma-
tion of the substrate holder 150 increases, the attracting force
generated by the substrate holder 150 1s preferably
increased.

FIG. 18 1s a graph showing the relation between the
voltage applied to the electrostatic chuck 158 of the sub-
strate holder 150 and the holding force exerted by the
clectrostatic chuck 138 to hold the substrate 121. As seen
from FIG. 18, as the voltage applied to the electrostatic
chuck 138 increases, the holding force exerted by the
clectrostatic chuck 158 increases.

For example, a case 1s considered where a silicon monoc-
rystalline substrate 121 having a diameter of 300 mm 1s held
by a substrate holder 150 whose placement surtface 156 has
a Iriction coeflicient of approximately 0.3. In this case, even
when the central portion of the substrate holder 150 1s
deformed by approximately 5 ppm, the substrate holder 150
can continue to hold the substrate 121 as long as the
attracting force 1s 169.9 kPa or more. Such an attracting
force can be generated by applying to the electrostatic chuck
158 a voltage that 1s approximately 2.5 times higher than a
voltage necessary to cause a flat substrate holder 150 to hold
a tlat substrate 121. For example, when a voltage of 200 V
1s applied to hold a flat substrate 121, a voltage of approxi-
mately 500 V, preferably, approximately 1000 V may be
applied to the electrostatic chuck 158 to generate the above-
mentioned attracting force necessary to continue to hold the
deformed substrate 121.

If the application of the voltage 1s stopped, the attracting,
force of the electrostatic chuck 158 gradually drops. There-
fore, even 11 the application of the voltage 1s suspended for
a short period of time to pass the substrate holder 150 onto
the loader, the attraction of the substrate 121 by the substrate
holder 150 1s generally maintained.

FIGS. 19, 20 and 21 show the transition of the states of the
substrate 121 and the substrate holder 150 when the con-
troller 112 allows the air chamber 188 to be in communi-
cation with a positive pressure via the valve 181. The
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following description 1s made with reference to the proce-
dure shown in FIG. 13 as appropriate.

In the step S106, the controller 112 deactivates the elec-
trostatic chuck 158 of the substrate holder 150 so that the
substrate 121 1s placed on the substrate holder 150 but not
attracted by the substrate holder 150. Subsequently, the
controller 112 controls the valve 181 to allow the air
chamber 188 within the support 182 to be 1n communication
with a positive pressure source (step S107).

In this manner, as shown 1n FIG. 19, the lower surface of
the substrate holder 150 1s pressed upwards by the positive
pressure. Thus, the central portion of the substrate holder
150 moves up 1n the direction orthogonal to the placement
surface 156. Accordingly, the entire substrate holder 150 1s
deformed. Here, the attraction of the substrate 121 by the
substrate holder 150 1s deactivated (step S103). Therefore,
the substrate 121 i1s placed on the substrate holder 1350
without being deformed. This means that the edge portion of
the substrate 121 1s spaced away from and not supported by
the substrate holder 150.

Following this, the controller 112 applies a voltage to the
electrostatic chuck 158 of the substrate holder 150, to attract
the substrate 121 (step S108). Accordingly, the substrate 121
1s deformed 1n a similar manner to the substrate holder 150
as shown 1n FIG. 20. Consequently, the lower surface of the
substrate 121 comes 1nto close contact with the placement
surface 156 of the substrate holder 150.

After this, the controller 112 controls the valve 181 to
allow the air chamber 188 to be 1n communication with the
atmospheric pressure. This deactivates the suction of the
substrate holder 150 by the negative pressure, allows the
substrate holder 150 to gain a restoring force due to 1ts own
clasticity, and “inversely deforms” the substrate holder 150
in a given direction to return to its flat state as shown 1n FIG.
21 (step S109).

Note that the substrate holder 150 1s inversely deformed
together with the substrate 121 while attracting the substrate
121 by causing the electrostatic chuck 158 to continue to
attract the substrate 121. Therefore, the restoring force
caused by the inversely deforming substrate holder 150 1s
aflected by the sum of the bending rigidity of the substrate
holder 150 and the bending rigidity of the substrate 121.

Here, the substrate holder 150, which 1s significantly
thicker than the substrate 121, has higher bending rigidity
than the substrate 121. Furthermore, the entire lower surface
of the substrate 121 1s in contact with the placement surface
156 of the substrate holder 150. The deformation caused by
the restoring force of the substrate holder 150 bends the
substrate 121. Therefore, as shown in FIG. 21 by the arrow
P, stress to horizontally shrink the substrate 121 in the plane
direction, of the substrate 121 acts on the substrate 121. This
decreases the magnification ratios for the device regions
126.

After this, the controller 112 controls the loader 130 to
load the substrate 121 and the substrate holder 150 again into
the aligner 170 while maintaining the attraction of the
substrate 121 by the electrostatic chuck 158 (step S110).
Since the diflerence between the magmfication ratios for the
device regions 126 has been corrected in the above-de-
scribed manner, the aligner 170 can align the substrates 121
with higher accuracy than a predetermined level.

When the substrate 121 1s attracted again in the step S108,
there 1s a large gap between the placement surface 156 and
the substrate 121 in the edge portlon of the substrate holder
150. Therefore, 1n the edge region, the voltage applied to the
clectrostatic chuck 1358 is preferably higher than in the other
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region. This enables the entire substrate 121 to be attracted
onto the placement surface 156.

In the above-described manner, the aligner 170 can align
and stack the substrates 121 even if the substrates 121 are
different from each other 1n terms of the magnification ratios
for the device regions 126. Here, the controller 112 stores
therein a table 1 which the amounts of the driving of the
actuator formed by the bender 180 are associated with the
amounts of the correction of the misalignment between the
substrates 121. More specifically, the table shows the values
of the negative or positive pressure i association with the
amounts of the correction of the misalignment between the
substrates 121. The controller 112 refers to the table to
identily the amount of the driving that 1s associated with the
amount of the correction of the misalignment that can
achieve the desired alignment accuracy and drives the
actuator, specifically speaking, the valve 181 in accordance
with the identified amount of the driving.

In the step S103, there may be a case where the result of
the calculation indicates that there 1s no solution that can
achieve the alignment accuracy within the desired permis-
sible range by changing the magnification ratios for the
device regions 126 in one of the substrates 121 (step
S103:NO), 1n other words, during the manufacturing process
of the substrate 121, the substrate 121 may be partially
deformed when photolithography 1s repetitively performed
to form the device regions 126. If photolithography 1s further
repetitively performed on the substrate 121 that 1s partially
deformed, the magnification ratios for the device regions
126 may vary within the single substrate 121.

If such 1s the case, 1t 1s not possible to calculate the
amount of the movement of the fine-motion stage 230 that
can remove the misalignment between the substrates 121
that are attempted to be aligned to each other by referring to
the alignment marks 128. Furthermore, global correction of
the magnification ratios for the device regions 126 across the
substrate 121 still cannot accomplish alignment accuracy
within a predetermined range. In this case, the controller 112
uses the holder 220 to partially change the magnification
ratios.

FIG. 22 1s a schematic cross-sectional view illustrating
the holder 220 integrated 1nto the fine-motion stage 230. The
holder 220 has a function of holding the substrate holder 150
on the fine-motion stage 230. The holder 220 1s also used to
correct the magnification ratios for the device regions 126 1n
part of the substrate 121.

The holder 220 includes a vacuum chuck 229 and a
plurality of air chambers 222,224 and 226. The vacuum
chuck 229 includes a valve 227 1in communication with
openings that go through the fine-motion stage 230 and are
open at the upper surface of the fine-motion stage 230. The
valve 227 controls whether the openings are in communi-
cation with or blocked from a negative pressure source.

The air chambers 222, 224 and 226 are respectively 1n
communication with valves 221, 223 and 225 that are
independently openable and closable. Under the control of
the controller 112, the valves 221, 223 and 225 respectively
allow the air chambers 222, 224 and 226 to be in commu-
nication with a positive or negative pressure source.
Together with the pressure source, each of the air chambers
222, 224 and 226 and a corresponding one of the valves 221,
223 and 225 form an actuator.

FIG. 23 15 a plan view 1llustrating the fine-motion stage
230 1including the holder 220. The common constituents
between FIGS. 22 and 23 are assigned with the same
reference numerals and not described here.
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As shown 1n FIGS. 22 and 23, each of the air chambers
222, 224 and 226 1s separately open at the upper surface of
the fine-motion stage 230. Therefore, when the substrate
holder 150 1s placed on the fine-motion stage 230, the air
chambers 222, 224 and 226 are respectively closed by
different partial regions of the substrate holder 150.

FI1G. 24 1s a flow diagram illustrating how the holder 220
operates. The series ol operations shown in FIG. 24 are
subsequent to the step S103 1n FIG. 13 if negative judgment
1s made. FIGS. 25 to 28 schematically illustrate the states of
the substrate holder 150 and the substrate 121 observed in
accordance with the operations of the holder 220 and are
referred to as approprate in the following description.

As shown 1n FIG. 24, the controller 112 controls the
vacuum chuck 229 of the holder 220 to hold the substrate
holder 150 on the fine-motion stage 230 (step S201). After
this, the controller 112 1dentifies the partial regions of the
substrate 121 that need to be corrected and calculates the
amount of the correction in the 1dentified regions 1n order to
accomplish alignment accuracy within a predetermined per-
missible range by correcting the magnification ratios for
forming the device regions 126 in the identified partial
regions (step S202).

If the results of the calculation indicates there 1s no
solution for the amount of the correction (step S202:NO),
the controller 112 suspends the bonding process for the
substrate. In this case, the substrate 121 that 1s placed on the
fine-motion stage 230 may be replaced, or the substrate 121
held by the fixed-stage 250 may additionally be replaced.

In either case, the controller 112 terminates the series of
operations for the substrate 121 that 1s currently loaded on
the fine-motion stage 230. When a new substrate 121 1s
loaded into the aligner 170, the controller 112 starts the
series of operations shown 1n FIG. 13 from the beginning.

If the result of the calculation indicates that there 1s a
solution that can accomplish predetermined alignment accu-
racy by partially changing the magnification ratios for the
device regions 126 in the substrate 121 (step S202:YES), the
controller 112 starts a series of correcting operations for the
substrate 121. Specifically speaking, the controller 112 first
deactivates the electrostatic chuck 158 of the substrate
holder 150 (step S203).

Accordingly, as shown 1n FIG. 25, the substrate holder
150 on the fine-motion stage 230 1s horizontally secured by
the vacuum chuck 229. On the other hand, the substrate 121
1s merely placed on the substrate holder 150 without being
attracted.

Subsequently, as shown in FIG. 26, the controller 112
controls the valves 221 and 225 to allow the air chamber 222
to be 1 communication with a negative pressure and to
allow the air chamber 226 to be in communication with a
positive pressure. In this way, the regions of the substrate
holder 150 that face the air chambers 222 and 226 are
individually deformed (step S204).

Since the attraction of the substrate 121 by the electro-
static chuck 158 of the substrate holder 150 1s deactivated,
the substrate 121 1s kept tlat without being deformed on the
substrate holder 150. Accordingly, the substrate 121 1s
partially spaced away from the substrate holder 150 without
being supported.

Subsequently, the controller 112 applies a voltage to the
clectrostatic chuck 158 of the substrate holder 150 to attract
the substrate 121 (step S205). In this way, the substrate 121
1s deformed following the deformed shape of the substrate
holder 150, as shown in FIG. 27. Therefore, the lower
surface of the substrate 121 1s 1n close contact with the
placement surface 156 of the substrate holder 150.
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After this, the controller 112 controls the valves 221 and
225 to allow the air chambers 222 and 226 1n which the
pressure has been respectively reduced and increased to be
in communication with the atmospheric pressure while
keeping the electrostatic chuck 158 of the substrate holder
150 activated. Theretfore, the deformation of the substrate
holder 150 1s undone, and a restoring force 1s generated due
to the elasticity of the substrate holder 150 to “inversely
deform™ the substrate holder 150 in a given direction to
regain 1ts flat state as shown in FIG. 28 (step S206).

The substrate holder 150, which 1s significantly thicker
than the substrate 121, has higher bending rigidity than the
substrate 121. Furthermore, the entire lower surface of the
substrate 121 1s in contact with the placement surface 156 of
the substrate holder 150. The deformation caused by the
restoring force of the substrate holder 150 bends the sub-
strate 121. Therefore, as shown 1n FIG. 28 by the arrows T
and P, stress to horizontally expand or shrink the substrate
121 1n the plane direction of the substrate 121 acts on the
substrate 121. This partially changes the magnification ratios
for forming the device regions 126.

Note that the substrate holder 150 1s inversely deformed
together with the substrate 121 while attracting the substrate
121 by causing the electrostatic chuck 158 to keep attracting
the substrate 121. Therefore, the restoring force caused by
the inversely deforming substrate holder 150 1s aflected by
the sum of the bending rigidity of the substrate holder 150
and the bending rigidity of the substrate 121.

Subsequently, while maintaining the corrected substrate
121 by using the electrostatic chuck 158, the controller 112
allows alignment to be performed between the corrected
substrate 121 and the substrate 121 secured on the fixed
stage 250 (step S207). In the above-described manner, the
aligner 170 can achieve higher alignment accuracy than
betore the substrate 121 i1s corrected. Here, the controller
112 stores therein and refers to a table 1n which the amount
of the driving of the actuator provided by the holder 220 1s
associated with the amount of the correction of the mis-
alignment between the substrates 121, similarly to the case
of the bender 180.

When the substrate 121 1s attracted again 1n the step S205,
the voltage applied to the electrostatic chuck 158 1s prefer-
ably set higher in the partial regions 1n which there 1s a large
gap between the substrate 121 and the substrate holder 150
than in the other partial regions, as previously described.
Theretore, the electrodes constituting the electrostatic chuck
158 may be divided 1n accordance with the arrangement of
the air chambers 222, 224 and 226.

As discussed above, the holder 220 can partially corrects
the magnification ratios for the device regions 126 of the
substrate 121 held by the substrate holder 150 by separately
deforming the individual partial regions of the substrate
holder 150. Thus, target alignment accuracy can be accom-
plished for the substrates 121 that cannot be aligned to each
other by simply moving the fine-motion stage 230.

During the above-described series of operations, the con-
troller 112 allows the vacuum chuck 229 to keep attracting
the substrate holder 150. Therefore, there 1s no chance of the
substrate holder 150 falling from the fine-motion stage 230
during the series of operations. In addition, even 11 the partial
regions of the substrate 121 are corrected in terms of the
magnification ratios, the other partial regions can remain
unailected.

In the above-described example, the bender 180 that 1s
configured to collectively change the magnification ratios of
the device regions 126 1n the entire substrate 121 1s provided
outside the aligner 170, and the holder 220 that 1s configured
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to change the magnification ratios of the partial regions of
the substrate 121 1s provided 1n the fine-motion stage 230 of
the aligner 170. However, the positions of the bender 180
and the holder 220 may be switched, and both may be
provided outside the aligner 170. Alternatively, the bender
180 and the holder 220 may be provided outside the mul-
tilayered substrate manufacturing apparatus 100. Further-
more, one of the bender 180 and the holder 220 may be
omitted.

When the electrostatic chuck 158 1s deactivated in the
steps S106 and S203, the substrate 121 and the substrate
holder 150 may be displaced from the positions determined
by the pre-aligner. To address this 1ssue, when the corrected
substrate 121 1s transported to the aligner 170 1n the step
5110, and when the corrected substrate 121 1s aligned by the
aligner 170 1n the step S207, the alignment may be calcu-
lated again using the alignment marks of the corrected
substrate 121. If the result of this second calculation 1ndi-

cates that the amount of the shift within the X-Y plane and
the amount of the rotation on the Z axis, which are caused
by the displacement, can be corrected by the aligner 170, the
displacement may be preferably compensated for by the
aligner 170 during the alignment operation of the corrected
substrate 121. If the result of the second calculation indicates
that the amount of the shift within the X-Y plane and the
amount of the rotation on the Z axis, which are caused by the
displacement, cannot be compensated for by the aligner 170,
the substrate 121 and the substrate holder 150 may be
preferably returned to the pre-aligner 160 to perform the
prealignment operation again.

Alternatively or additionally, immediately after the elec-
trostatic chuck 158 i1s deactivated in the step S203, the
microscope 251 of the aligner 170 and the like may be used
to measure the displacement of the substrate 121 that may be
possibly caused by the deactivation of the electrostatic
chuck 158. Furthermore, the controller 112 may modify the
solution that can accomplish the target alignment accuracy,
in accordance with the displacement, and drive the actuator
that 1s configured to correct the substrate 121, 1n accordance
with the modified solution.

Referring to the method of bonding a pair of substrates
121 by correcting one of the substrates 121, a case may be
considered where there 1s a difference 1n thickness between
the substrates 121, 1n other words, one of the substrates 121
1s a multilayered substrate 123, or both of them are multi-
layered substrates 123 but different in the number of the
layers. In this case, a thicker one of the substrates 121 or
multilayered substrates 123 1s preferably held by the fixed
stage 250 while a thinner one of the substrates 121 or
multilayered substrates 123 1s held and corrected by the
fine-motion stage 230. In this way, the substrate 121 or
multilayered substrate 123 which 1s easier to be deformed
can be corrected for the bonding process.

Furthermore, the mechanism of the substrate holder 150
to hold the substrate 121 placed on the substrate holder 150
1s not limited to the electrostatic chuck 158. Other methods
including a vacuum chuck utilizing a negative pressure
source connected to the multilayered substrate manufactur-
ing apparatus 100 can be used.

The mechanism of the bender 180 and the holder 220 to
deform the substrate holder 150 may be configured to apply
a pressure using a fluid, or alternatively adapted to transmut
to the substrate holder 150 displacement that 1s mechanically
generated by a piezoelectric material or an actuator of any
type. Alternatively, a plurality of types of actuators may be
combined and used.
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FIG. 29 1s a schematic cross-sectional view illustrating a
bender 280 having a different configuration. The bender 280
includes a controller 112, a base plate 183 and a support
plate 260. The base plate 183 1s joined to the support plate
260 at a plurality of locations using a movable coupler 270,
actuators 272 and a stationary coupler 274.

The actuators 272 individually expand and shrink to move
up and down the movable coupler 270. The actuators 272
can be piezoelectric actuators, air actuators and the like that
operate without generating heat. The stationary coupler 274
1s directly coupled to the center of the base plate 183 and to
the center of the support plate 260 to maintain a constant
interval between the base plate 183 and the support plate
260.

The movable coupler 270 and the stationary coupler 274
can efliciently transmit to the support plate 260 the move-
ment of the actuators 272 in the dilution in which the
actuators 272 expand and shrink, or 1n the vertical direction.
In this way, when one of the actuators 272 1s operated, the
corresponding portion of the support plate 260 1s moved 1n
the moving-up-and-down direction.

When a portion of the support plate 260 1s moved 1n such
a manner that the inclination of the support plate 260
changes with respect to the base plate 183, such a movement
1s not transmitted to the actuator 272 by the arc-like move-
ment of the movable coupler 270 and the stationary coupler
274. Therefore, when the actuators 272 are operated and
expand and shrink, the respective portions of the support
plate 260 are moved only 1n the direction orthogonal to the
base plate 183 and deformed.

The support plate 260 includes a pin chuck 268 having
attraction holes 262, a frame portion 264 and support
protrusions 266. The attraction holes 262 are many holes
distributed on the upper surface of the support plate 260
across the mner space enclosed by the frame portion 264,
and open between the support protrusions 266. The attrac-
tion holes 262 are individually connected to a negative
pressure source through the stationary coupler 274, the base
plate 183 and the valve 181.

The frame portion 264 of the support plate 260 1s annular
along the edge portion of the substrate holder 150, which 1s
supported by the support plate 260. Therefore, when the
valve 181 1s opened while the substrate holder 150 1s placed
on the support plate 260, the pressure between the substrate
holder 150 and the support plate 260 1s reduced, so that the
substrate holder 150 1s attracted by the support plate 260.

The support protrusions 266 are arranged within the
region surrounded by the frame portion 264 on the upper
surface of the support plate 260. The top surfaces of the
support protrusions 266 are at the same level as the highest
portion of the frame portion 264. Therefore, the substrate
holder 150 1s flat when placed on the frame portion 264 and
the support protrusions 266 while the support plate 260 1s
flat.

The controller 112 opens and closes the valve 181 and
controls the operations of the individual actuators 272.
Specifically speaking, the controller 112 opens or closes the
valve 181 to attract or release the substrate holder 150 to or
from the support plate 260. In addition, the controller 112
individually expands or shrinks the actuators 272 so that the
support plate 260 can be partially moved up or down.

In addition, the substrate holder 150 has a through hole
153 that penetrates through the substrate holder 150 from the
placement surface 156 thereof, on which the substrate 121
can be placed, to the surface facing the support plate 260.
Furthermore, the support plate 260 has a negative pressure
path 276 that i1s at one end thereof 1n communication with
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the through hole 153 and 1s at the other end thereof con-
nected to a negative pressure source, which 1s shared with

the attraction holes 262. Since the through hole 133 1s

connected to the negative pressure source via the negative
pressure path 276, the pressure in the through hole 153 1s >
controlled to be negative to vacuum the space between the
substrate 121 and the substrate holder 150 1n order to attract
the substrate 121 to the substrate holder 150 1n the bender
280.

The substrate holder 150 includes the electrostatic chuck
158 to attract the substrate 121, as described previously.
When the substrate holder 150 keeping the substrate 121
attracted thereto 1s placed on the upper surface of the support
plate 260, the controller 112 suspends power supply to the
clectrostatic chuck 158 of the substrate holder 150. Accord-
ingly, the substrate 121 1s merely placed on the substrate
holder 150 without being attracted.

Subsequently, the controller 112 opens the valve 181 to
establish communication with the negative pressure source, 2
so that a negative pressure 1s established in the attraction
holes 262. Thus, the substrate holder 150 1s attracted to the
tflat support plate 260, so that the substrate holder 150 and
the support plate 260 form a single piece.

FIG. 30 1s a schematic cross-sectional view illustrating 25
the bender 280, specifically speaking, illustrating that some
of the actuators 272 are operated. The common constituents
between FIGS. 29 and 30 are assigned with the same
reference numerals and not described here.

As shown 1n FIG. 30 by the arrow d, the actuator 272 30
second from the left shrinks to move the movable coupler
270 down to partially move the support plate 260 down, 1n
the shown 1n example. As shown 1n FIG. 30 by the arrow u,
the actuator 272 second from the right expands to move the
movable coupler 270 up to partially move the support plate 35
260 up. By partially moving the support plate 260 up and
down as discussed above, the support plate 260 1s deformed.

The support plate 260 attracts the substrate holder 150
using the negative pressure established in the attraction
holes 262, so that the support plate 260 and the substrate 40
holder 150 form a single piece. Therefore, 1t the support
plate 260 1s deformed as discussed above, the substrate
holder 150 1s also deformed following the deformation of
the support plate 260.

At this stage, however, the electrostatic chuck 158 of the 45
substrate holder 150 1s not active, and the substrate holder
150 1s not attracting the substrate 121 thereto. Accordingly,
the substrate 121 placed on the deformed substrate holder
150 1s merely placed on the upper surface of the substrate
holder 150 without being attracted and may be partially 50
spaced away from the upper surface of the substrate holder
150.

As discussed above, 1in one of the steps for correcting the
substrate 121, the support plate 260 and the substrate holder
150 are deformed from an initial state to a more deformed 55
state while the substrate 121 1s not attracted to the substrate
holder 150. The 1nitial state of the substrate holder 150 1s, for
example, a flat state of the substrate holder 150. Here, the
controller 112 stores therein and refers to a table 1n which the
amount of the driving of the actuators 272 is associated with 60
the amount of the correction of the misalignment between
the substrates 121, similarly to the case of the bender 180.

FIG. 31 1s a schematic cross-sectional view illustrating
the bender 280, specifically speaking, illustrating the next
state after the state shown in FIG. 30. The common con- 65
stituents between FIGS. 29, 30 and 31 are assigned with the
same reference numerals and not described here.
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While the shown state 1s maintained, the controller 112
allows a voltage to be applied to the electrostatic chuck 158.
Thus, the substrate 121 1s attracted to the substrate holder
150, which has been deformed together with the support
plate 260, so that the substrate 121, the substrate holder 150
and the support plate 260 form a single piece.

If the actuators 272 are operated while this state 1s
maintained, the support plate 260 and the substrate holder
150 can be used to remove or reduce the deformation of the
substrate 121. Specifically speaking, in the step shown 1n
FIG. 30, the support plate 260 and the substrate holder 150,
which form a single piece, are deformed following the
deformation of the substrate 121 After this, the actuators 272
are operated while this state 1s maintained in a manner to
return the deformed support plate 260 to the flat state.
Accordingly, the substrate holder 150 and the substrate 121
become flat.

In another one of the steps for correcting the substrate
121, while the substrate 121 remains attracted, the support
plate 260 1s deformed so as to return the substrate holder 150
from the deformed state to the initial state. Thus, the support
plate 260 1s returned from the deformed state to the initial
state after the substrate 121 1s held. In this manner, the
substrate 121 1s corrected by its own deformation that
follows the change of the substrate holder 150 from the
deformed state to the initial state.

As discussed above, the support plate 260 can be used to
correct various deformed states of the substrate 121 by
deforming the substrate holder 150 that has the substrate 121
attracted thereto and held. The above-described support
plate 260 can be used 1n the pre-aligner 160, the aligner 170
and the like, as part of a member that 1s configured to have
the substrate 121 or the substrate holder 150 placed thereon.

In the above-described example, the support plate 260
attracts and supports the substrate holder 150, and deforms
the substrate 121 as well as the substrate holder 150. The
support plate 260, however, can alternatively directly attract
and supports the substrate 121 to deform the substrate 121.
As a result, the support plate 260 can be used even when the
substrate holder 150 1s not used.

As described above, the bender 280 may be used to
partially deform the partial regions of the substrate 121 by
applying forces to the partial regions separately. Thus, to
name a few, the bender 280 cart partially change the
magnification ratios on the substrate 121 and partially cor-
rect the deformed substrate 121. Accordingly, for example,
the substrate 121 can be flattened by deforming the substrate
holder 150 1 the same manner as the deformation of the
substrate 121 to be treated, allowing the substrate holder 150
to attract the substrate 121 thereto, and then undoing the
deformed state of the substrate holder 150.

In the above-described example, the actuators 272 are
used to return the support plate 260 from the deformed state
to the flat state 1n order to return the substrate 121 to the flat
state. However, the same ellects may be produced by
deactivating the pin chuck 268 to release the substrate holder
150. In other words, while the substrate 121, the substrate
holder 150 and the support plate 260 are forming a single
piece 1n the step shown 1n FIG. 31, deactivation of the pin
chuck 268 to stop attracting the substrate holder 150 allows
the substrate holder 150 to be “inversely deformed” due to
its own elasticity and thus to substantially regain the initial
flat state.

Here, the substrate holder 150, which 1s significantly
thicker than the substrate 121, has higher bending rigidity
than the substrate 121. Furthermore, the entire lower surface
of the substrate 121 1s attracted the placement surface 156 of
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the substrate holder 150. Therefore, 1 the substrate holder
150 1s iversely deformed, the substrate 121 1s also

deformed following the inverse deformation of the substrate
holder 150.

If such 1s the case, in the step in which the deformation of 5

the substrate holder 150 1s undone, the electrostatic chuck
158 keeps attracting the substrate 121, so that the substrate
holder 150 1s mnversely deformed while keeping attracting
the substrate 121 thereto. The restoring force caused by the
inversely deforming substrate holder 150 1s affected by the
sum of the bending rigidity of the substrate holder 150 and
the bending rigidity of the substrate 121. Therefore, the
beading rigidity of the support plate 260 1s higher than the
bending rigidity of the substrate 121 and the bending rigidity
of the substrate holder 150, and preferably has higher
bending rigidity than the sum of the bending rigidity of the
substrate 121 and the betiding rigidity of the substrate holder
150.

Thus, the substrate holder 150 does not regain the flat
state as belfore the deformation simply by undoing the
deformation of the substrate holder 150 that 1s caused by the
support plate 260. However, the substrate holder 150 con-
tinuously applies, to the substrate 121, a force to return the
substrate 121 from the deformed state to the flat state.
Theretfore, the force necessary to return the substrate 121
from the deformed state to the flat state can be reduced.

If the substrate holder 150 does not return to the flat state
even after the pin chuck 268 i1s deactivated to stop holding
the substrate holder 150, the actuators 272 may be used to
deform the substrate holder 150 again in order to force the
substrate holder 150 to regain the flat state. Alternatively to
the above-mentioned technique, the amount of the deforma-
tion of the substrate holder 150 may be changed so that the
amount of the correction of the substrate 121 can achieve
desired alignment accuracy while the substrate holder 150 1s
not flat.

As discussed above, the bender 280 includes the support
plate 260 that 1s configured to hold the substrate 121, which
1s to be bonded to another substrate 121, together with the
substrate holder 150, and the actuators 272 that are config-
ured to correct misalignment between the held substrate 121
and the other substrate 121 by deforming the support plate
260 1n the direction intersecting the plane direction of the
held substrate 121 to allow the held substrate 121 to be
deformed.

The number of the actuators 272 is preferably determined
as follows. Since the center of the support plate 260 is
coupled using the stationary coupler 274, at least two
actuators are preferable if the substrate 121 1s corrected
one-dimensionally, four actuators in total are preferable to
correct the substrate 121 two-dimensionally, and six actua-
tors 1n total are preferable to correct the substrate 121
three-dimensionally. When the substrate 121 1s corrected
two-dimensionally, the number of the actuators 272 1s prei-
erably equal to a square of the number of the actuators 272
used for the one-dimensional correction. In particular, when
the actuators 272 are arranged in a square lattice, four
actuators are preferably provided for one-dimensional cor-
rection, sixteen actuators are preferably provided for two-
dimensional correction, and thirty-six actuators are prefer-
ably provided for three-dimensional correction.

Thus, a correction step can be performed 1n which mis-
alignment between the held substrate 121 and another sub-
strate 121 to be bonded 1s corrected by deforming the held
substrate 121 1n the direction intersecting the plane direction
as discussed above. In other words, when a pair of substrates
121 are subjected to an alignment operation, there may be
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misalignment equal to or larger than a threshold value after
the alignment operation. In this case, the bender 280
described above can be used to deform the support plate 260,
the substrate holder 150 and the substrate 121 to remove the
remaining misalignment.

FIG. 32 1s a cross-sectional view illustrating another

bender 282, and FIG. 33 1s a top view of the bender 282. The
common constituents between the benders 282 and 280 are
assigned with the same reference numerals and not
described here.

The bender 282 includes four walls 1835 surrounding the
base plate 183. Between the four walls 1835 and the support
plate 260, tlat springs 273 span. The plane direction of the
flat springs 273 coincides with the XY plane. Thus, the flat
springs 273 allows their coupling portions coupled to the
support plate 260 to move 1n the Z direction but prevents
their coupling portions from moving in the XY direction and
from rotating on the 7 axis.

FIG. 34 1s an enlarged view of a movable coupler 271
employed in the bender 282. The movable coupler 271
includes a plate-like member 275 secured onto the lower
surface of the support plate 260, a plate-like member 277
secured onto the upper surface of the actuator 272 to face the
plate-like member 275, and an elastic member 278 coupled
between the pair of plate-like members 275 and 277. The
clastic member 278 1s, for example, a columnar elastic
member, and configured to transmit a driving force in the
driven direction of the actuator 272 and to elastically deform
in the direction orthogonal to the driver direction. Thus, the
clastic member 278 can remove the deformation of the
support plate 260 caused by the movement of the support
plate 260 1n the XY direction, which result from the move-
ment of the actuator 272 1n the Z direction.

FIG. 35 1s an enlarged view of a stationary coupler 284
employed 1n the bender 282. The stationary coupler 284
includes a large-diameter body portion and a small-diameter
portion arranged on the upper surface of the body portion.
The small-diameter portion has a height of approximately
0.2 mm to 0.5 mm. The stationary coupler 284 1s coupled to
the lower surface of the support plate 260 at the small-
diameter portion thereof.

Since the stationary coupler 284 1s coupled to the support
plate 260 at the small-diameter portion thereof, a large
region ol the support plate 260 can be deformed. On the
other hand, the large-diameter body portion can strongly
support the support plate 260 against a twisting force exerted
by the support plate 260 and other forces.

Here, note that the bender 282 has the flat springs 273.
Accordingly, the support plate 260 can be allowed to be
deformed in the Z direction but prevented from wobbling 1n
the XY direction or rotating on the 7 axis even though the
movable couplers 271 are capable of moving the support
plate 260 in the XY direction.

FIG. 36 1s an enlarged view of another movable coupler
290. The movable coupler 290 1includes a coupler 289 that 1s
coupled at the upper end thereof to the support plate 260, a
defining wall 292 that extends upwards from the actuator
272, and a slide surface 287 with which the other end of the
coupler 289 i1s 1n contact. The coupler 289 1s capable of
sliding within a movable region 279 defined by the defining
wall 292.

Between the defimng wall 292 and the coupler 289, a
movable region 1s formed in which the coupler 289 can
move 1n the XY direction. As the actuator 272 moves 1n the
7. direction, the support plate 260 resultantly moves in the
XY direction. This may cause deformation of the support
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plate 260, which can be removed by allowing the other end
ol the coupler 289 to slide on the sliding surface 287 within
the movable region.

FIG. 37 1s an enlarged view of another stationary coupler
285. The stationary coupler 285 has a cone-like shape such
that the diameter of the stationary coupler 285 gradually
decreases Irom the base plate 183 to the support plate 260.
Thus, the stationary coupler 285 can produce the same
cllects as the stationary coupler 284 shown in FIG. 35.

FIG. 38 1s an enlarged view of yet another stationary
coupler 286. The stationary coupler 286 has a column-like
shape having a large diameter. On a portion of the support
plate 260 that 1s coupled to the stationary coupler 286, a
depression 269 1s provided as a clearance for the stationary
coupler 286. At the center of the depression 269, a protrusion
1s provided that 1s coupled to the stationary coupler 286 and
has a smaller diameter than the stationary coupler 286. Thus,
the stationary coupler 286 can produce the same eflects as
the stationary coupler 284 shown in FIG. 35.

The support plate 260 may have a curved portion that 1s
curved with a predetermined curvature. In this case, the
actuators 272 deform the support plate 260 1n such a manner
that the curvature of the support plate 260 i1s varied. The
mechanism of the bender 280 that 1s configured to separately
deform the respective regions by means of a plurality of
actuators 272 may be also provided in the substrate holder
150. In this way, existing facility can be used to correct the
substrate 121.

FIG. 39 1s a plan view illustrating how the movable
couplers 270 and the stationary coupler 274 are arranged, for
example, for the support plate 261 of the bender 280. On the
surface of the support plate 261, the large number of support
protrusions 266 are arranged within the frame portion 264.
Between the support protrusions 266, the large number of
minute attraction holes 262 are arranged, which are not
visible with the scale of FI1G. 39. Therefore, when placed on
the support plate 261, the entire substrate holder 150 can be
subjected to uniform attracting force.

The stationary coupler 274 is positioned at the center of
the support plate 261. As described above, the stationary
coupler 274 1s fixed to the base plate 183 and also to the
support plate 261. Thus, the center of the support plate 261
1s fixed to the base plate 183 1n the plane direction and also
in the direction orthogonal to the plane direction.

The movable couplers 270 are arranged, starting from the
stationary coupler 274, two-dimensionally 1n such a manner
that even intervals are provided between any adjacent mov-
able couplers 270. In the shown example, the movable
couplers 270 are arranged on the vertices of equlateral
triangles that cover the surface of the support plate 261 in a
tessellation format. In other words, the movable couplers
270 are arranged on the vertices and centers of equilateral
hexagons that cover the surface of the support plate 261 in
a tessellation format and form a honeycomb structure.

In this way, when moved up and down by the actuators
272, the movable couplers 270 can separately move up and
down the respective regions of the support plate 261. Thus,
the respective regions of the substrate holder 150 that 1s
attracted to the support plate 261 can be also separately
deformed. Furthermore, the outer edge portion of the sub-
strate holder 150 can be also deformed by providing some
movable couplers 270 outside the substrate holding region
of the substrate holder 150, which 1s placed on the support
plate 261.

The movable couplers 270 arranged on the mner circle A
on the support plate 260 are arranged at even intervals along
the entire circumierence. On the other hand, larger gaps are
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periodically provided between the movable couplers 270
and actuators 272 arranged on the outer circle B. When the
movable couplers 270 are arranged 1n the above-described
manner, however, the controllability of the support plate 260
1s hardly degraded during the procedure of deforming the
substrate holder 150 and the substrate 121.

Specifically speaking, as shown in FIG. 39, a support
plate 260 was manufactured in which one stationary coupler
274 and thirty movable couplers 270 were arranged 1n such
a manner that the distance between any adjacent movable
couplers 270 was 65.5 mm. This support plate 260 was used
to attempt to correct as substrate 121 having a diameter of
300 mm. In this case, the positions of the alignment marks
could be corrected with high accuracy as shown 1n Table 1
below

TABLE 1
X{(pm) Y(pm)
MAXIMUM 0.065 0.039
MINIMUM —0.065 ~0.037
30 0.037 0.033

FIG. 40 1s a plan view 1llustrating how movable couplers
270 are arranged 1n another support plate 263 of the bender
280. The movable couplers 270 provided on the shown
support plate 263 are arranged at the same positions as some
of the movable couplers 270 provided on the support plate
261 shown 1n FIG. 39. The movable couplers 270 arranged
on the inner circle A on the support plate 261 are omitted.
The attracting holes 262, the support protrusions 266 and the
stationary coupler 274 are arranged 1n the same manner as
on the support plate 261 shown 1n FIG. 39.

The above-described arrangement of the movable cou-
plers 270 hardly degraded the controllability during the
deformation of the substrate holder 150 and the substrate
121. Specifically speaking, the support plate 263 was manu-
factured in the same manner as the support plate 261 shown
in FIG. 39 except for that the six movable couplers 270 on
the iner circle were omitted, and used to attempt to correct

a substrate 121 having a diameter of 300 mm. As shown 1n
Table 2 below, the accuracy only slightly dropped,

TABLE 2
X(pm) Y(pm)
MAXIMUM 0.071 0.045
MINIMUM ~0.070 —0.044
30 0.040 0.036

FIG. 41 1s a plan view illustrating how movable couplers
270 are arranged on a support plate 265 of the bender 280.
The support plate 265 includes the same number of movable
couplers 270 as the support plate 263 shown 1n FIG. 40. The
attraction holes 262, the support protrusions 266 and the
stationary coupler 274 are arranged 1n the same manner as
in the support plates 261 and 263 shown 1n FIG. 32.

On the support plate 265, however, half the movable
couplers 270 are arranged at even intervals on a circle D
having a larger diameter than the outer diameter of the
substrate 121, so as to be positioned outside the substrate
121 placed on the support plate 2635. The remaining half of
the movable couplers 270 are arranged at even intervals on
a circle C having a smaller diameter than the outer diameter
of the substrate 121, so as to be positioned inside the
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substrate 121 place on the support plate 265. Here, the
circles C and D are concentrically arranged.

Furthermore, the arrangement of the movable couplers
270 positioned outside the substrate 121 1s out of alignment,
by half the pitch of the movable couplers 270, relative to the
arrangement of the movable couplers 270 positioned 1nside
the substrate 121. Therefore, when seen 1n the radial direc-
tion of the substrate 121, the distance between any adjacent
movable couplers 270 1s equal. When the movable couplers
270 are arranged in the above-described manner, high con-
trollability 1s achieved for deformation of the substrate
holder 150 and the substrate 121 even using a relatively
small number of movable couplers 270.

Specifically speaking, the support plate 265 as shown 1n
FIG. 41 was manufactured on which twelve movable cou-
plers 270 were arranged at even intervals on each of the
circle B having a radius of 130 mm and the circle C having
a radius of 170 mm. The support plate 265 was used to
attempt to correct a substrate 121 having a diameter of 300
mm. The substrate 121 could be corrected with high accu-
racy as shown in Table 3 below.

TABLE 3
X(pm) Y(um)
MAXIMUM 0.040 0.039
MINIMUM ~0.039 —0.039
30 0.027 0.027

The above-mentioned results proved that the accuracy of
the correction did not drop even with a reduced number of
movable couplers 270 being two-dimensionally arranged on
the outmost and inmost circles. This indicates that the
substrate 121 could be corrected with high accuracy using
the low-cost support plate 265 with a reduced number of
actuators 272 being arranged.

FIG. 42 1s a plan view 1llustrating how movable couplers
270 are arranged on a support plate 267 of the bender 280.
The support plate 267 includes the same number of movable
couplers 270 as the support plate 265 shown 1n FIG. 41.

On the support plate 267, similarly to the support plate
265, half the movable couplers 270 are arranged at even
intervals on a circle D having a larger diameter than the outer
diameter of the substrate 121, so as to be positioned outside
the substrate 121 placed on the support plate 265. The
remaining half of the movable couplers 270 are arranged at
even 1ntervals on a circle C having a smaller diameter than
the outer diameter of the substrate 121, so as to be positioned
inside the substrate 121 placed on the support plate 265.

In addition, the arrangement of the movable couplers 270
on the circle C 1s aligned with the arrangement of the
movable couplers 270 on the circle D. Theretfore, the mov-
able couplers 270 arranged on the circle C are arranged at
the same positions, when seen in the radial direction, as the
movable couplers 270 on the circle D. Having such a support
plate 267, the bender 280 could correct the substrate 121
with higher accuracy as shown 1n Table 4 below.

TABLE 4
X(pm) Y(um)
MAXIMUM 0.035 0.035
MINIMUM ~0.035 ~0.034
30 0.027 0.027
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Note that the arrangement of the movable couplers 270,
which are designed to deform the support plate 267 of the
bender 280, 1s not limited to the above-described examples.
For example, when the movable couplers are arranged on a
plurality of concentrical circles, the concentrical circles may
be all positioned inside or outside the substrate 121. In

addition, the number of the movable couplers 270 may be
increased or decreased.

FIG. 43 illustrates an overall configuration of a substrate
bonding apparatus. A substrate bonding apparatus 410 1s
designed to manufacture a multilayered substrate 492 by
bonding two substrates 490 to each other. The substrate
bonding apparatus 410 may be alternatively designed to
manufacture a multilayered substrate 492 by bonding three
or more substrates 490 to each other.

As shown 1n FIG. 43, the substrate bonding apparatus 410
includes a housing 412, an ordinary-temperature portion
414, a high-temperature portion 416 and a controller 418.
The housing 412 surrounds the ordinary-temperature portion
414 and the high-temperature portion 416.

The ordinary-temperature portion 414 includes a plurality
of substrate cassettes 420, a substrate holder rack 422, a
robot arm 424, a pre-aligner 426, an aligner 428, and a robot
arm 430. The robot arms 424 and 430 are an example of a
transporter.

The substrate cassettes 420 are designed to house therein
substrates 490 to be joined and bonded to each other in the
substrate bonding apparatus 410. The substrate cassettes 420
are also designed to house therein multilayered substrates
492 that have been manufactured by joining and bonding the
substrates 490 1n the substrate bonding apparatus 410. The
substrate cassettes 420 are detachably attached to the outer
surface of the housing 412. In thus way, a plurality of
substrates 490 can be collectively loaded into the substrate
bonding apparatus 410. Furthermore, a plurality of multi-
layered substrates 492 can be collectively collected. The
substrate 490 to be subjected to the bonding procedure 1n the
substrate bonding apparatus 410 1s a silicon watfer, a com-
pound semiconductor water, a glass substrate or the like and
may have elements, circuits, terminals and the like formed
thereon. Furthermore, the substrate 490 may be a multilay-
ered substrate 492 that has been manufactured by stacking a
plurality of waters.

The substrate holder rack 422 houses therein lower sub-
strate holders 5 and upper substrate holders 504 that are
designed to hold from above and below a pair of substrates
490 stacked to be formed 1nto a multilayered substrate 492.

The robot arm 424 1s positioned within the housing 412
and 1n the vicinity of the substrate cassettes 420. The robot
arm 424 transports the substrates 490 loaded on the substrate
cassettes 420 to the pre-aligner 426. The robot arm 424
transports the substrates 490 from the pre-aligner 426 further
to the lower substrate holder 502 and the upper substrate
holder 504 placed on a movable stage 438 of the aligner 428,
which 1s described later. The robot arm 424 transports the
multilayered substrates 492 that have been manufactured
through the bonding procedure from the movable stage 438
to one of the substrate cassettes 420.

The pre-aligner 426 1s positioned within the housing 412
and 1n the vicimity of the robot arm 424. The pre-aligner 426
1s designed to roughly align the positions of the substrates
490 before the substrates 490 are loaded 1nto the aligner 428
so that the substrates 490 can be loaded within a limited
adjustable range. The aligner 428 has such a limited adjust-
able range due to 1ts high accuracy. Thus, the aligner 428 can
quickly and accurately align the substrates 490.
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The aligner 428 1s positioned between the robot arm 424
and the robot arm 430. The aligner 428 includes a frame
member 434, a stationary stage 436, a movable stage 438,
and a pair of shutters 440 and 442.

The frame member 434 surrounds the stationary stage 436
and the movable stage 438. The side of the frame member

434 facing the substrate cassettes 420 and the side of the
frame member 434 facing the high-temperature portion 416
both have openings to allow the substrates 490 and the like
to be loaded mto and out of the frame member 434.

The stationary stage 436 1s positioned within the frame
member 434 and secured in the vicinity of the substrate
cassettes 420. The lower surface of the stationary stage 436
1s designed to attract, through vacuum, the upper substrate
holder 504, which 1s transported from the movable stage 438
by the robot arm 430 while the upper substrate holder 504
1s holding a substrate 490.

The movable stage 438 1s positioned within the frame
member 434 and closer to the high-temperature portion 416
than the stationary stage 436 1s. The upper surface of the
movable stage 438 1s designed to attract, through vacuum,
the lower substrate holder 502 and the upper substrate holder
504. The movable stage 438 moves in the horizontal and
vertical directions within the frame member 434. In this way,
as the movable stage 438 moves, the substrate 490 held on
the stationary stage 436 by means of the upper substrate
holder 504 1s aligned with and stacked onto the substrate 490
held on the movable stage 438 by means of the lower
substrate holder 502. The substrates 490 may be provision-
ally bonded to each other using an adhesive, a plasma or the
like.

The shutter 440 opens and closes the opeming on the side
of the frame member 434 facing the substrate cassettes 420.
The shutter 442 opens and closes the opening on the side of
the frame member 434 facing the high-temperature portion
416. The space enclosed by the frame member 434 and the
shutters 440 and 442 1s in communication with an air
conditioner or the like so that the temperature i1s controlled.
Thus, the substrates 490 are aligned with improved accu-
racy.

The robot arm 430 1s positioned within the housing 412
and between the high-temperature portion 416 and the
aligner 428. The robot arm 430 transports the lower sub-
strate holders 502 and the upper substrate holders 504
housed within the substrate holder rack 422 to the movable
stage 438. When placed on the movable stage 438, the lower
substrate holder 502 and the upper substrate holder 504
clectrostatically attract and hold the substrate 490 trans-
ported by the robot arm 424 from the pre-aligner 426. The
robot arm 430 turns over the upper substrate holder 504 that
1s placed on the movable stage 438 and i1s holding the
substrate 490, and then transports the turned-over upper
substrate holder 504 to the stationary stage 436. The lower
surface of the stationary stage 436 attracts, through vacuum,
the upper substrate holder 504 transported by the robot arm
430.

The robot arm 430 attracts, through vacuum, the lower
substrate holder 502 and the upper substrate holder 504 that
are holding the pair of substrates 490 that have been aligned
by the movable stage 438, and transports the lower and
upper substrate holders 502 and 504 to the high-temperature
portion 416. The robot arm 430 transports the multilayered
substrate 492 that has been manufactured by joiming and
bonding the substrates 490 1n the high-temperature portion
416 from the high-temperature portion 416 to the movable
stage 438.
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The high-temperature portion 416 1s controlled to have a
high temperature and to achieve vacuum during the bonding
step performed by the substrate bonding apparatus 410. The
high-temperature portion 416 has a heat insulating wall 446,
an air lock chamber 448, a pair of shutters 450 and 452, a
robot arm 454, five housing chambers 455, and five heating
and pressing apparatuses 456. The robot arm 454 i1s an
example of a transporter. Here, the number of the heating
and pressing apparatuses 456 1s not limited to five and may
be changed as appropriate.

The heat insulating wall 446 surrounds the high-tempera-
ture portion 416. Thus, the heat 1nsulating wall 446 keeps a
high temperature inside the high-temperature portion 416
and prevents the heat from being radiated from the high-
temperature portion 416 to outside. As a result, the heat
insulating wall 446 reduces the intluence of the heat of the
high-temperature portion 416 on the ordinary-temperature
portion 414. Additionally, the heat insulating wall 446
blocks gases from flowing between the high-temperature
portion 416 and outside. In this manner, the heat insulating
wall 446 maintains the vacuum within the high-temperature
portion 416.

The air lock chamber 448 allows the ordinary-temperature
portion 414 to be 1n communication with the high-tempera-
ture portion 416. The side of the air lock chamber 448 that
faces the ordinary-temperature portion 414 and the side of
the air lock chamber 448 that faces the high temperature
portion 416 each have an opening to transport a multilayered
substrate 492 that 1s manufactured from a pair of substrates
490 held between the lower substrate holder 502 and the
upper substrate holder 504.

The shutter 450 opens and closes the opening on the side
of the air lock chamber 448 that faces the ordinary-tempera-
ture portion 414. When the shutter 450 1s open, the air lock
chamber 448 1s in communication with the ordinary-tem-
perature portion 414. Thus, the air lock chamber 448 has
substantially the same air pressure as the ordinary-tempera-
ture portion 414. While this state 1s maintained, the robot
arm 430 transports the multilayered substrate 492 between
the air lock chamber 448 and the aligner 428.

The shutter 452 opens and closes the opening on the side
of the air lock chamber 448 that faces the high-temperature
portion 416. When the shutter 452 1s open, the air lock
chamber 448 1s in communication with the high-temperature
portion 416. Thus, the air lock chamber 448 has substantially
the same air pressure as the high-temperature portion 416.
Note that the shutters 450 and 452 are not open at the same
time during the bonding step.

While the shutter 452 1s open, the robot arm 434 loads the
multilayered substrate 492, which has been transported into
the air lock chamber 448 by the robot arm 430, 1nto one of
the heating and pressing apparatuses 456, together with the
ower substrate holder 502 and the upper substrate holder
504.

The housing chambers 455 are hollow. Each housing
chamber 455 houses therein and surrounds the main com-
ponents of the corresponding one of the heating and pressing
apparatuses 456. The housing chambers 455 have openable
and closable openings to load the multilayered substrates
492. The housing chambers 455 are tightly sealed to achieve
vacuum aiter having loaded the multilayered substrates 492
therein.

The heating and pressing apparatuses 456 are an example
of a heating apparatus. The heating and pressing apparatuses
456 are positioned within the heat insulating wall 446. The
five heating and pressing apparatuses 436 are arranged at
substantially even angles with respect to the center of the
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space enclosed by the heat insulating wall 446. The heating
and pressing apparatuses 456 hold therein the multilayered
substrates 492 transported from the air lock chamber 448 by
the robot arm 454. The heating and pressing apparatuses 456
are designed to pressure the multilayered substrates 492 at a
joimng temperature. The heating and pressing apparatuses
456 raise the temperature of the loaded multilayered sub-
strates 492 to a joining temperature at which the substrates
490 constituting the multilayered substrates 492 can be
joined to each other. In this manner, the heating and pressing,
apparatuses 456 join and bond the substrates 490 to obtain
the multilayered substrates 492.

The robot arm 454 transports the multilayered substrates
492 that have been manufactured through the joining and
bonding procedure from the heating and pressing appara-
tuses 456 to the air lock chamber 448.

The controller 418 controls the operations of the entire
substrate bonding apparatus 410. The controller 418
includes a manipulator that 1s designed to be manipulated by
a user Irom outside to power on the substrate bonding
apparatus 410, to determine various settings and to perform
other functions. Furthermore, the controller 418 includes a
connector that 1s designed to connect the substrate bonding
apparatus 410 to other devices.

FIG. 44 1s a front view showing the entire structure of
cach heating and pressing apparatus 456. As shown 1n FIG.
44, the heating and pressing apparatus 456 includes a lower
module 460 that 1s positioned closer to the floor and an upper
module 462 that 1s positioned closer to the ceiling.

The lower module 460 includes a raising and lowering
section 466, a lower pressure control module 468, a lower
heating module 470, and a lower top plate 472.

The raising and lowering section 466 raises and lowers
the lower pressure control module 468, the lower heating
module 470 and the lower top plate 472, together with the
multilayer substrate 492. The raising and lowering section
466 raises the multilayered substrate 492 held by the lower
substrate holder 502 and the upper substrate holder 3504,
even after the upper substrate holder 504 comes 1nto contact
with the lower surtace of the upper module 462. In this way,
the raising and lowering section 466 pressures the multilay-
ered substrate 492.

The lower pressure control module 468 1s positioned on
the upper surface of the raising and lowering section 466.
The lower pressure control module 468 has a hollow press-
ing section 469. The hollow pressing section 469 1s formed
by a rubber sheet or the like and i1s a bag-like pressure
controller. The inside of the hollow pressing section 469 is
filled with a fluid supplied from outside. The shape of the
hollow pressing section 469 i1s changed by controlling the
amount of the fluid supplied. In this way, the lower pressure
control module 468 controls, within the horizontal plane, the
pressure applied by the raising and lowering section 466 to
the multilayered substrate 492. For example, the hollow
pressing section 469 controls the pressure within the hori-
zontal plane by controlling the upper surface to be flat,
deforming the central portion of the upper surface 1 a
convex manner, or deforming the edge portion of the upper
surface 1 a convex manner. The raising and lowering
section 466 and the lower pressure control module 468 are
an example ol a pressing section.

The lower heating module 470 1s positioned above the
lower pressure control module 468. The lower heating
module 470 includes a plurality of electrical heaters. The
clectrical heaters are independently controllable 1n terms of
temperature.
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The lower top plate 472 1s positioned on the upper surface
of the lower heating module 470. The lower top plate 472
has a shape like a disk having a larger diameter than the
lower substrate holder 502 and the upper substrate holder
504. On the upper surface of the lower top plate 472, the
multilayered substrate 492 1s placed that 1s held between the
lower substrate holder 502 and the upper substrate holder
504.

The upper module 462 includes an upper heating module
480 including therein a plurality of electrical heaters and an
upper top plate 482. The upper heating module 480 has
substantially the same configuration as the lower heating
module 470 except for that the vertical order 1s reversed, and
the upper top plate 482 has substantially the same configu-
ration as the lower top plate 472.

FIG. 45 1llustrates misalignment between electrode pads
496a on a substrate 490aq and electrode pads 4965 on a
substrate 490b. FIG. 46 illustrates how to correct the mis-
alignment between the electrode pads 496a on the substrate
490a and the clectrode pads 4965 on the substrate 4905.
FIG. 47 illustrates how to bond the electrode pads 496a on
the substrate 490a to the electrode pads 4965 on the sub-
strate 4905 after the correction. In FIGS. 45 to 47, the lower
substrate 1s designated by a reference numeral 490a, and the
upper substrate 1s designated by a reference numeral 4905.

As shown 1n FIG. 45, the electrode pads 4964a are formed
on a to-be-bonded surface 494q of the substrate 490q, and
the electrode pads 4966 are formed on a to-be-bonded
surface 494b of the substrate 4905. The positions of the
clectrode pads 496a and 4966 are defined 1n such a manner
that each electrode pad 496a 1s connected to any one of the
clectrode pads 4965 when the substrate 490a 1s bonded to
the substrate 4905. Here, the defined positions of the elec-
trode pads 496a and 4965 are represented by the dotted lines
in FIG. 45. However, 1f the substrate 4904 shrinks, the
positions of the electrode pads 496a move towards the
center of the substrate 490q as indicated by the solid lines 1n
FIG. 45. In other words, the electrode pads 4964 are ol the
defined positions by a distance D1 or D2, for example.
Conversely, 1f the substrate 49056 expands, the positions of
the electrode pads 4966 move away from the center of the
center of the substrate 4905 as indicated by the solid hnes n
FIG. 45. In other words, the electrode pads 4965 are off the

- i -

defined positions by a distance D3 or D4, for example. If the
shrunk substrate 490a and the expanded substrate 490b are
bonded to each other while being flat, the electrode pads
496a are not connected to the electrode pads 49656 or only
partially connected to the electrode pads 496b. This creates
poor connection and other problems.

In the present embodiment, the shrunk substrate 490q 1s
pressed by a centrally convex surface 498 whose central
portion 1s convex to be deformed 1n the direction intersect-
ing with the surface of the substrate 490a, and the expanded
substrate 4905 1s pressed by a centrally concave surface 499
whose central portion 1s concave to be deformed in the
direction 1ntersecting with the surface of the substrate 4905,

as shown in FIG. 46.

The to-be-bonded surface 494a of the substrate 490q 1s
bent by the centrally convex surface 498 and becomes
convex upwards. Therefore, the electrode pads 496a formed
on the to-be-bonded surface 494a of the substrate 490q
move away from the center of the substrate 490aq in the
horizontal direction. As a result, the electrode pads 496a
approach the defined positions when seen 1n plane. On the
other hand, the centrally concave surface 499 is concave
upwards, and the to-be-bonded surface 4945 of the substrate
4906 also becomes concave upwards. Thus, the electrode
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pads 4965 formed on the to-be-bonded surtace 494/ of the
substrate 4905 move closer to the center of the substrate
4906 1n the horizontal direction. In this way, the electrode
pads 4965 approach the defined positions when seen in
plane.

In the above-described manner, the out-of-position elec-
trode pads 496a and 4965 move closer to each other in the
horizontal direction and are thus corrected. Here, the differ-
ences produced between the defined positions and the actual
positions for the electrode pads 496a are preferably of the
same sizes as and observed 1n the opposite direction to the
difference produced between the defined positions and the
actual positions for the electrode pads 4965, which are to be
connected to the electrode pads 496a. However, the difler-
ences produced between the defined positions and the actual

positions are allowed to contain an error similar to the size
of the contact surface of the electrode pads 496a and 4965.

If the substrate 490a 1s bonded to the substrate 49056 after
the above procedure, the electrode pads 496a are substan-
tially entirely connected to the electrode pads 4965 as shown
in FIG. 47. Here, the expansion and shrinkage are merely
examples of the deformation, and the present embodiment
can similarly address the differences between the defined
positions and the actual positions caused by other factors.

FIG. 48 1s a vertical cross-sectional view of the lower
substrate holder 502. As shown in FIG. 48, the lower
substrate holder 502 includes a lower holder body 510 and
s1X attracting elements 512.

The lower holder body 3510 1s made of a highly nigid
material such as ceramics, metals or the like. The lower
holder body 510 has a circular shape when seen 1n plane.
The upper surface of the lower holder body 510 serves as a
lower holding surface 3514 designed to hold the lower
substrate 490. The lower holding surface 514 1s curved 1n
such a manner that the central portion 1s convex upwards. In
this way, the lower holding surface 514 serves as the
above-described centrally convex surface 498, and the sub-
strate 490, which 1s held by and pressed against the lower
holding surface 514, 1s deformed and curved so that the
central portion becomes convex upwards. Here, the curved
lower holding surtace 514 1s a partial spherical or ellipsoidal
surface, for example. The lower holding surface 514 1s larger
than the substrate 490 when seen 1n plane.

The lower surface of the lower holder body 510 i1s a flat
lower to-be-pressed surface 516. The lower to-be-pressed
surface 516 1s 1n plane contact with the upper surface of the
movable stage 438 and the upper surface of the lower top
plate 472 to horizontally support the lower substrate holder
502. A plurality of electrode plates are embedded 1n the
vicinity of the lower holding surface 314. The electrode
plates are designed to hold the substrate 490 by electrostatic
attraction. The electrode plates are supplied with power
through power supply terminals embedded in the lower
to-be-pressed surface 516.

The attracting elements 512 include electric magnets. The
clectric magnets receive power through the power supply
terminals embedded 1n the lower to-be-pressed surface 516.
The six attracting elements 512 are divided into sets of two,
which are arranged at intervals of 520° with respect to the
center of the lower holder body 3510. While the substrate
holder 502 1s holding the substrate 490, the six attracting
clements 512 are positioned outside the substrate 490. Here,
the number of the attracting elements 312 1s not limited to
6.

FIG. 49 1s a vertical cross-sectional view of the upper
substrate holder 504. As shown in FIG. 49, the upper
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substrate holder 504 includes an upper holder body 520 and
s1X to-be-attracted elements 522.

The upper holder body 3520 i1s made of a highly rigid
material such as ceramics, metals or the like. The upper
holder body 520 has a disk-like shape. The central portion of
the lower surface of the upper holder body 520 serves as an
upper holding surface 526 that 1s designed to hold the upper
substrate 490. The upper holding surtace 526 1s larger than
the substrate 490 when seen in plane. The central portion of
the upper holding surface 526 1s curved and concave
upwards. Thus, the upper holding surface 526 serves as the
above-described centrally concave surface 499, and the
substrate 490, which 1s held by and pressed against the upper
holding surface 526, 1s deformed and curved so that the
central portion becomes convex upwards. Here, the curved
upper holding surface 526 1s a partial spherical or ellipsoidal
surface, for example. The upper holding surface 526 1s
substantially parallel to the lower holding surface 514. In
this way, the upper holding surface 526 1s complementary to
the lower holding surface 514. The peripheral portion of the
upper holding surface 526 1s flat.

The upper surface of the upper holder body 520 1s an
upper to-be-pressed surface 528. The upper to-be-pressed
surface 528 1s flat. The upper to-be-pressed surface 528 1s 1n
plane contact with the lower surface of the stationary stage
436 and the lower surface of the upper top plate 482, to
horizontally support the upper substrate holder 504. Here, in
the substrate holder rack 422 and on the movable stage 438,
the upper substrate holder 504 1s placed in such a manner
that the upper to-be-pressed surface 528 faces down. In the
vicinity of the upper holding surface 3526, a plurality of
clectrode plates are embedded to hold the substrate 490 by
clectrostatic attraction.

The to-be-attracted elements 522 include permanent mag-
nets. The to-be-attracted elements 522 are arranged on the
lower surface of the upper holder body 520 outside the upper
holding surface 526. The six to-be-attracted elements 522
are positioned so as to oppose the attracting elements 512 of
the lower substrate holder 502. While the to-be-attracted
clements 522 are attracted by the attracting elements 512,
the lower substrate holder 502 and the upper substrate holder
504 are secured to each other.

FIGS. 50 to 55 illustrate how to manufacture the multi-
layered substrate 492 using the substrate bonding apparatus
410. In the bonding step, to begin with, the robot arm 424
transports the substrate 490 from any one of the substrate
cassettes 420 to the pre-aligner 426. After this as shown 1n
FIG. 50, the robot arm 430 transports the upper substrate
holder 504 from the substrate holder rack 422 to the movable
stage 438. The movable stage 438 attracts the upper sub-
strate holder 504 using vacuum. The robot arm 430 trans-
ports the substrate 490 that has been adjusted 1n position by
the pre-aligner 426, to the upper holding surface 526 of the
upper substrate holder 504 that 1s placed on the movable
stage 438, and places the substrate 490 on the upper holding
surface 526. Here, this substrate 490 1s the upper substrate.
The upper substrate holder 504 electrostatically attracts the
placed substrate 490. Here, note that the upper holding
surface 526, which 1s holding the upper substrate 490, has a
central portion that 1s curved 1n a concave manner. Accord-
ingly, the upper holding surface 5326 bends and deforms the
upper substrate 490 1 such a manner that the central portion
of the upper substrate 490 becomes curved and convex
downwards following the concave curved surface of the
upper holding surface 3526. As a result, the to-be-bonded
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surface or the upper surtace of the upper substrate 490 1s
deformed so that the central portion becomes concave, as
shown 1n FIG. 50.

After this, the robot arm 430 turns over the upper sub-
strate holder 504 holding the substrate 490 and transports the
turned-over upper substrate holder 504 from the movable
stage 438 to the stationary stage 436. The stationary stage
436 receives the upper substrate holder 504 as well as the
substrate 490 from the robot arm 430 and then holds the
upper substrate holder 504 using vacuum attraction, as
shown 1n FIG. 51. In this manner, the upper substrate 490 1s
curved 1in an upward convex manner.

After this, a stmilar operation 1s performed. Specifically
speaking, the robot arm 430 transports the lower substrate
holder 502 to the movable stage 438, and the robot arm 424
then transports the substrate 490 to the lower substrate
holder 502 on the movable stage 438. Here, the lower
substrate 490 transported to the lower substrate holder 502
1s selected taking into consideration the deformation of the
upper substrate 490 held by the upper substrate holder 504.
For example, the lower substrate 490 1s selected such that
the differences produced between the defined positions and
the actual positions for the electrode pads on the lower
substrate 490 are of the same sizes as and observed in the
opposite direction to the difference produced between the
defined positions and the actual positions for the electrode
pads on the upper substrate 490. As shown in FIG. 52, the
movable stage 438 holds the substrate 490 and the lower
substrate holder 502 with the substrate 490 facing upwards.
Here, the lower holding surface 514 that 1s holding the lower
substrate 490 1s curved 1 an upward convex manner.
Accordingly, the lower holding surface 514 bends and
deforms the lower substrate 490 so as to follow the convex
curved surface, so that the central portion of the lower
substrate 490 becomes convex upwards and the lower sub-
strate 490 1s curved 1in a complementary and parallel manner
to the upper substrate 490. In this manner, the to-be-bonded
surface or the upper surface of the lower substrate 490 1s
deformed in such a manner that the central portion becomes
convex. After this, the shutters 440 and 442 are closed, and
the movable stage 438 then moves to be positioned under the
stationary stage 436 holding the substrate 490 and the upper
substrate holder 504, while holding the substrate 490 and the
lower substrate holder 502. Following this the substrate 490
on the movable stage 438 1s aligned to the substrate 490 on
the stationary stage 436.

Subsequently, the movable stage 438 moves upwards as
shown 1n FIG. 53. Thus, the attracting elements 512 of the
lower substrate holder 502 attract the to-be-attracted ele-
ments 522 of the upper substrate holder 504. After the
vacuum attraction of the upper substrate holder 504 by the
stationary stage 436 1s deactivated, the movable stage 438
moves towards the robot arm 430 while attracting the lower
substrate holder 502 using vacuum.

After this, the shutter 450 1s opened, so that the air lock
chamber 448 1s in communication with the ordinary-tem-
perature portion 414. Note that the shutter 452 1s closed.
While this state 1s maintained, the robot arm 430 transports,
to the air lock chamber 448, the deformed substrates 490
stacked on one another and held between the lower substrate
holder 502 and the upper substrate holder 504 on the
movable stage 438. Subsequently, the shutter 450 1s closed
and, at the same time, the shutter 452 1s opened. Thus, the
air lock chamber 448 is blocked from the ordinary-tempera-
ture portion 414 and 1n communication with the high-
temperature portion 416. While this state 1s maintained, the
robot arm 454 transports the stacked substrates 490 together
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with the lower substrate holder 502 and the upper substrate
holder 504, from the air lock chamber 448 to the heating and
pressing apparatus 456.

In the heating and pressing apparatus 436, the raising and
lowering section 466 raises the stacked substrates 490 held
between the lower substrate holder 502 and the upper
substrate holder 504. In this manner, the upper to-be-pressed
surface 528 of the upper substrate holder 504 comes 1nto
plane contact with the lower surface of the upper top plate
482. While this state 1s maintained, the lower heating
module 470 and the upper heating module 480 heat the
stacked substrates 490 to a joining temperature and maintain
the joining temperature. The raising and lowering section
466 further raises the lower top plate 472, so that the pair of
substrates 490 to be formed into the multilayered substrate
492 1s pressed while being bent. Here, since the lower
holding surface 514 and the upper holding surface 526 bend
the substrates 490, the substrates 490 are bonded to each
other after the electrode pads 496a and 49656 are corrected 1n
terms of position as shown in FIGS. 46 and 47. Furthermore,
since the deformed substrates 490 are curved in parallel to
each other, the substrates 490 are 1n close contact with and
bonded to each other to be formed into the multilayered
substrate 492 as shown 1n FIG. 34.

After this, the shutter 452 1s opened and, at the same time,
the shutter 450 1s closed. Thus, the air lock chamber 448 1s
blocked from the ordinary-temperature portion 414 and in
communication with the high-temperature portion 416. After
this, the robot arm 454 transports, to the air lock chamber
448, the multilayered substrate 492 obtained as a result of
the bonding procedure together with the lower substrate
holder 502 and the upper substrate holder 504.

Subsequently, the shutter 452 1s closed and, at the same
time, the shutter 450 1s opened. Thus, the air lock chamber
448 15 blocked from the high-temperature portion 416 and 1n
communication with the ordinary-temperature portion 414.
While this state 1s maintained, the robot arm 430 transports
the multilayered substrate 492 together with the lower
substrate holder 502 and the upper substrate holder 3504,
from the air lock chamber 448 to the movable stage 438. As
shown 1 FIG. 55, the multilayered substrate 492 1s then
removed from the lower substrate holder 502 and the upper
substrate holder 504, on the movable stage 438. After this,
the robot arm 424 transports the multilayered substrate 492
to one of the substrate cassettes 420. In this manner, the
substrate bonding apparatus 410 completes the step of
bonding the substrates 490 into the multilayered substrate
492.

As described above, the substrate bonding method relat-
ing to the present embodiment bonds the substrates 490 to
cach other while they are bent complementarily to each
other into the multilayered substrate 492. The substrates 490
may expand or shrink and the electrode pads 496a and 49656
may be differently positioned than being defined. The pres-
ent embodiment, however, ensures that the electrode pads
496a and 4965 can be connected.

According to the present embodiment, the substrates 490
are bonded to each other after deformed to be curved 1n
parallel to each other. This can improve the adhesiveness
between the bonded substrates 490.

According to the present embodiment, the lower holding
surface 514 of the lower substrate holder 502 and the upper
holding surface 526 of the upper substrate holder 504 bend
and deform the substrates 490. Therefore, the deformed
shapes of the substrates 490 can be easily predicted, and the
differences produced between the defined positions and the
actual positions can be corrected with improved accuracy.
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The following describes other embodiments that are
partly different from the above-described embodiment.

The following describes a substrate bonding method
according to which the lower pressure control module 468 1s
used to bend the substrates 490, FIG. 56 illustrates the
substrates 490 before their deformation. FIG. 57 illustrates
the substrates 490 that have been bent by the lower pressure
control module 468.

In the present embodiment, a lower substrate holder 602
and an upper substrate holder 604 are flat and have a
disk-like shape. In addition, a lower holding surface 614 of
a lower holder body 610 of the lower substrate holder 602
and an upper holding surface 626 of an upper holder body
620 of the upper substrate holder 604 are both flat. Accord-
ingly, the substrates 490 are flat while being transported to
the heating and pressing apparatus 456.

The upper substrate holder 604 includes elastic members
624. The elastic members 624 include metal springs. The
clastic members 624 are positioned on the lower surface of
to-be-attracted elements 622. With such a configuration,
while the to-be-attracted elements 622 are attracted to
attracting elements 612, the elastic members 624 are posi-
tioned between the to-be-attracted elements 622 and the
attracting elements 612. Here, the elastic force of the elastic
members 624 1s higher than the attracting force acting
between the attracting elements 612 and the to-be-attracted
clements 622.

Thus, as long as no other external forces are acting, the
clastic members 624 separate the substrate 490 held by the
lower substrate holder 602 from the substrate 490 held by
the upper substrate holder 604 while the to-be-attracted
clements 622 are attracted to the attracting elements 612.
While being separated from each other, the substrates 490
are then transported to the lower top plate 472 of the heating
and pressing apparatus 456 as shown i FIG. 36.

Subsequently, the raising and lowering section 466 raises
the lower top plate 472 together with the substrates 490, so
that a to-be-pressed surface 618 of the upper substrate holder
604 comes 1nto contact with the lower surface of the upper
top plate 482 as shown in FIG. 57. While this state 1s
maintained, a fluid 1s supplied to the hollow pressing section
469 of the lower pressure control module 468. As a result,
the upper surface of the hollow pressing section 469 1s
deformed and curved to be convex upwards. As the raising
and lowing section 466 further raises the lower top plate
472, the elastic members 624 shrink and the substrates 490
consequently come into contact with each other. Further-
more, the lower top plate 472 1s deformed and curved to be
convex upwards, following the upper surface of the hollow
pressing section 469. Furthermore, the lower substrate
holder 602, the substrates 490, the upper substrate holder
604 and the upper top plate 482 are bent and deformed to be
curved 1n an upward convex manner, following the lower top
plate 472. Here, the upper surface of the lower top plate 472,
which applies a pressure, serves as the centrally convex
surface 498, and the lower surface of the upper top plate 482,
which applies a pressure, serves as the centrally concave
surface 499. Thus, the substrates 490 are pressed while the
upper surface of the lower top plate 472 and the lower
surface of the upper top plate 482 are deformed comple-
mentarily to each other.

As a result, the substrates 490 are deformed complemen-
tarily to each other, which corrects the diflerences produced
between the defined positions and the actual positions for the
clectrode pads of the substrates 490 1n preparation for the
bonding procedure of the substrates 490. In this way, the
multilayered substrate 492 1s completed.
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FIG. 38 1llustrates a lower substrate holder 702 and an
upper substrate holder 704 holding the substrates 490. FIG.
59 1llustrates the substrates 490 that have been bent by the
lower substrate holder 702 and the upper substrate holder
704. The following describes a substrate bonding method
according to which the lower substrate holder 702 and the
upper substrate holder 704 control pressures to apply in
various regions within the horizontal plane.

In the present embodiment, the lower substrate holder 702
includes a lower holder body 710, a plurality of lower partial
pressing members 711, and an attracting element 712 1nclud-
ing an electric magnet, as shown in FIG. 38.

The lower holder body 710 has a substantially flat lower
disk-like portion 713 and a plurality of lower legs 715. The
lower disk-like portion 713 includes an electrode plate
designed to electrostatically attract the substrate 490. The
lower legs 715 are arranged on the lower surface of the
lower disk-like portion 713. The lower legs 715 are arranged
in such a manner that the number of lower legs 713 per unit
area 1s substantially the same within the horizontal plane.
The lower ends of the lower legs 715 are rotatably coupled
to the lower partial pressing members 711.

The lower partial pressing members 711 are provided on
the lower ends of the lower legs 715. Accordingly, the lower
partial pressing members 711 are arranged within the hori-
zontal plane in such a manner that the number of the lower
partial pressing members 711 per unit area 1s substantially
the same. The lower partial pressing members 711 include
piezoelectric members. The lower partial pressing members
711 are applied with diflerent voltages front the lower top
plate 472. In this manner, each lower partial pressing mem-
ber 711 1s deformed 1nto a different shape and independently
applies a different pressure to the substrate 490. Since each
lower partial pressing member 711 1s 1ndependently
deformed the lower disk-like portion 713 of the lower holder
body 710 coupled thereto 1s deformed from the flat shape to
a different shape.

The upper substrate holder 704 includes an upper holder
body 720, a plurality of upper partial pressing members 721,
a to-be-attracted element 722 including a permanent magnet,
and an elastic member 724 including a spring. The upper
substrate holder 704 has substantially the same configuration
as the lower substrate holder 702 and the following only
mentions its differences from, the lower substrate holder
702. The upper holder body 720 1ncludes a substantially flat
upper disk-like portion 723 and a plurality of upper legs 725.
The upper legs 725 are provided on the upper surface of the
upper disk-like portion 723. The upper partial pressing
members 721 are coupled to the upper ends of the upper legs
725. The upper partial pressing members 721 are applied
with different voltages to independently apply different
pressures to the substrate 490.

The lower substrate holder 702 and the upper substrate
holder 704 attract the substrates 490 using the respective
clectrode plates. While this state 1s maintained, the sub-
strates 490 are aligned, after which the attracting element
712 attracts the to-be-attracted element 722. In this way, the
lower substrate holder 702 and the upper substrate holder
704 respectively hold the substrates 490 with a gap being
formed between the substrates 490 as shown in FIG. 58.
While this state 1s maintained, the substrates 490 are trans-
ported to the lower top plate 472 of the heating and pressing
apparatus 456.

Subsequently, the raising and lowering section 466 raises
the substrates 490 together with the lower substrate holder
702 and the upper substrate holder 704. As a result, the upper
partial pressing members 721 of the upper substrate holder
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704 come into contact with the upper top plate 482. After
this, the raising and lowering section 466 further raises the
substrates 490, which brings the substrates 490 into contact
with each other. While this state 1s maintained, the lower
partial pressing members 711 and the upper partial pressing
members 721 are applied with voltages. Consequently, the
upper surtace of the lower disk-like portion 713 of the lower
holder body 710 1s deformed and curved imm an upward
convex manner, and the lower surface of the upper disk-like
portion 723 of the upper holder body 720 1s deformed and
curved 1n an upward concave manner, complementarily to
the deformed upper surface of the lower disk-like portion
713. The upper surface of the lower disk-like portion 713
serves as the centrally convex surface 498, and the lower
surface of the upper disk-like portion 723 serves as the
centrally concave surface 499. Consequently, the lower
partial pressing members 711 and the upper partial pressing
members 721 pressure the lower substrate 290 and the upper
substrate 490 through the lower disk-like portion 713 and
the upper disk-like portion 723, so that the lower and upper
substrates 490 are deformed and curved in an upward
convex manner. After this, the substrates 490 are heated and
pressed to be bonded to each other and thus formed 1nto the
multilayered substrate 492.

While the embodiments of the present invention have
been described, the technical scope of the mvention 1s not
limited to the above described embodiments. It 1s apparent
to persons skilled in the art that various alterations and
improvements can be added to the above-described embodi-
ments. It 1s also apparent from the scope of the claims that
the embodiments added with such alterations or improve-
ments can be included in the technical scope of the inven-
tion.

The operations, procedures, steps, and stages of each
process performed by an apparatus, system, program, and
method shown 1n the claims, embodiments, or diagrams can
be performed 1 any order as long as the order is not
indicated by “prior to,” “betore,” or the like and as long as
the output from a previous process 1s not used in a later
process. Even 1f the process flow 1s described using phrases
such as “first” or “next” in the claims, embodiments, or
diagrams, 1t does not necessarily mean that the process must
be performed 1n this order.

What 1s claimed 1s:

1. A substrate bonding apparatus comprising:

a controller configured to calculate an amount of mis-
alignment between two substrates that are to be stacked
on each other;

a deformer operable to bend at least a first substrate of the
two substrates 1n order to deform the first substrate 1n
accordance with the calculated amount of misalign-
ment between the two substrates; and

a bonder operable to bond the first substrate in which the
misalignment 1s corrected based on deformation by the
deformer to a second substrate of the two substrates.

2. The substrate bonding apparatus as set forth 1n claim 1,

turther comprising,

a holder that holds the first substrate, wherein

while the first substrate 1s not held by the holder, the
deformer deforms the holder from a first state to a
second state that 1s more deformed than the first state,
and

while the first substrate 1s held by the holder, the deformer
reduces the amount of the deformation of the holder to
less than the amount of the deformation of the second
state to deform the first substrate.
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3. The substrate bonding apparatus as set forth in claim 2,
wherein
the holder 1s returned to the first state by the deformer
after holding the first substrate.
4. The substrate bonding apparatus as set forth in claim 2,
wherein

the first state 1s a state 1n which a holding surface of the
holder 1s flat.

5. The substrate bonding apparatus as set forth 1n claim 2,
wherein
the holder includes a holding surface having a curved
section that 1s curved with a predetermined curvature,
and
the deformer deforms the first substrate 1n an amount of
the deformation 1n accordance with an amount of the
correction of the misalignment by holding the first
substrate on the holding surface.
6. The substrate bonding apparatus as set forth in claim 3,
wherein
the deformer deforms the first substrate by deforming the
holder 1n such a manner that the curvature of the curved
section varies while the first substrate 1s held on the
holding surface.
7. The substrate bonding apparatus as set forth 1n claim 2,
wherein
the holder 1s divided into a plurality of regions and the
deformer independently deforms the regions from each
other.
8. The substrate bonding apparatus as set forth 1n claim 2,
wherein
the bending nigidity of the holder 1s higher than the
bending rnigidity of the first substrate.
9. The substrate bonding apparatus as set forth 1n claim 2,
wherein
the holder 1s a substrate holder that moves together with
the first substrate.
10. The substrate bonding apparatus as set forth 1n claim
9. wherein
the substrate holder holds the first substrate through
clectrostatic attraction.
11. The substrate bonding apparatus as set forth 1n claim
9, comprising,
a support that supports the substrate holder, wherein
the support 1s deformed by the deformer and the substrate
holder 1s deformed by the deformation of the support.
12. The substrate bonding apparatus as set forth 1n claim
11, wherein
the bending rigidity of the support 1s higher than the sum
of the bending rigidity of the first substrate and the
bending rnigidity of the substrate holder.
13. The substrate bonding apparatus as set forth 1n claim
11, wherein
the deformer includes a plurality of actuators that are
driven to apply a deforming force to the support and a
plurality of elastic members that couple the respective
ones of the actuators to the support, and
cach of the elastic members 1s elastically deformed 1n a
direction orthogonal to a driven direction of the actua-
tors while passing a driving force in the driven direc-
tion.
14. The substrate bonding apparatus as set forth 1n claim
11, wherein
the deformer includes a plurality of actuators that are
driven to apply a deforming force to the support and a
plurality of couplers that couple the respective ones of
the actuators to the support, and
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cach of the couplers 1s slidably coupled to at least one of
the support and a corresponding one of the actuators, in
a direction orthogonal to a driven direction of the
actuators.

15. The substrate bonding apparatus as set forth i claim
2, wherein

the deformer includes a plurality of actuators that are

driven to apply a deforming force to the holder.

16. The substrate bonding apparatus as set forth 1n claim
2, further comprising

an aligner that aligns the two substrates, wherein

when misalignment equal to or more than a threshold

value remains between the two substrates that have
been aligned by the aligner, the deformer deforms the
holder.

17. The substrate bonding apparatus as set forth 1n claim
2, further comprising

a transporter that transports the holder holding the first

substrate deformed by the deformer to the bonder while
the first substrate remains deformed.

18. The substrate bonding apparatus as set forth i claim
1, wherein

the amount of the deformation achieved by the deformer

1s associated in advance with the amount of the cor-
rection of the misalignment, and the deformer achieves
the deformation the amount of which 1s determined 1n
accordance with the amount of the correction of the
misalignment.

19. The substrate bonding apparatus as set forth 1n claim
1. wherein

the deformer deforms the first substrate by bending the

first substrate and deforms the second substrate by
bending the second substrate 1n a complementary man-
ner to the first substrate, and

the bonder bonds the first substrate to the second substrate

while the first and second substrates both remain bent.

20. The substrate bonding apparatus as set forth 1n claim
19, wherein

the deformer deforms 1n a concave manner a central

portion of a to-be-bonded surface of the first substrate
and deforms in a convex manner a central portion of a
to-be-bonded surface of the second substrate.

21. The substrate bonding apparatus according to claim 1,
wherein the deformer 1s further operable to bend at least the
first substrate of the two substrates in order to change a
magnification ratio of the first substrate 1n accordance with
the calculated amount of misalignment between the two
substrates.

22. A substrate bonding apparatus comprising:

a controller configured to calculate an amount of mis-

alignment between two substrates that are to be stacked
on each other;
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a deformer operable to deform at least a first substrate of
the two substrates 1n accordance with the calculated
amount ol misalignment between the two substrates;

a holder that holds the first substrate in a state where the
misalignment 1s correct through deformation by the
deformer;

a transporter that transports the holder holding the first
substrate 1n a state where the misalignment 1s corrected

from a position at which the first substrate 1s held by the

holder; and

a bonder operable to bond the first substrate that has been
transported by the transporter to the second substrate.

23. The substrate bonding apparatus according to claim

22, wherein the deformer 1s further operable to change a

magnification ratio of at least the first substrate of the two

substrates 1n accordance with the calculated amount of
misalignment between the two substrates.

24. A substrate holding apparatus comprising:

a controller configured to calculate an amount of mis-
alignment between two substrates that are to be stacked
on each other;

a holder that holds a first substrate of the two substrates
to be bonded to a second substrate of the two substrates;
and

a deformer that deforms the first substrate while being
held by the holder by bending the first substrate in order
to correct the calculated amount of misalignment
between the first substrate and the second substrate.

25. The substrate holding apparatus according to claim

24, wherein the deformer deforms the first substrate while

being held by the holder by changing a magnification ratio

of the first substrate in order to correct the calculated amount
of misalignment between the first substrate and the second
substrate.

26. A substrate holding apparatus comprising:

a controller configured to calculate an amount of mis-
alignment between two substrates that are to be stacked
on each other;

a holder operable to hold a first substrate of the two
substrates to be bonded to a second substrate of the two
substrates; and

a deformer operable to deform the {first substrate by
bending the first substrate 1 order to correct the
obtained amount of misalignment between the first
substrate and the second substrate.

277. A substrate bonding apparatus comprising;:

the substrate holding apparatus as set forth in claim 26;
and

a bonder operable to bond the first substrate 1n which the
misalignment 1s corrected based on deformation by the
deformer to the second substrate.
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